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VERTICAL  DATUM 

For  this  report,  the  U.S.  Geological  Survey  vertical  datum  of  1908  was  used.  This  datum  is  derived  from  USGS  monu- 
ment "K,"  established  in  1908  with  a  stamped  elevation  of  1,414  ft  above  sea  level.  Monument  "K"  is  located  in  the 
town  of  McCarthy. 


NOTE 

In  this  report,  "Kennecott"  pertains  to  the  mining  company  and  mill  site  and  "Kennicott"  to  geographic  features.  The 
rational  for  this  dual  spelling  and  usage  is  as  follows:  the  mining  company  is  named  for  Robert  Kennicott,  a  pioneer 
surveyor;  somehow,  probably  inadvertently,  an  "e"  was  substituted  for  the  "i"  in  the  company  name.  In  1908,  the  Post 
Office  of  "Kennecott"  was  established  and  continued  until  1938.  Present  day  map  usage  favors  the  original  spelling 
honoring  Robert  Kennicott  (Orth,  1967,  p.  510). 

GLOSSARY 

A  glossary  of  technical  terms  used  in  this  report  starts  on  page  52.  A  term  defined  in  the  glossary  appears  in  bold  type 
at  its  first  reference  in  the  text. 
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Hydrologic  Conditions  and  Hazards  in  the  Kennicott  River  Basin 
Wrangell-St.  Elias  National  Park  and  Preserve,  Alaska 

By  Ronald  L.  Rickman1  and  Danny  S.  Rosenkrans2 

Abstract 

McCarthy,  Alaska,  is  on  the  Kennicott  River,  about  1  mile  from  the  terminus  of  Kennicott  Gla- 
cier in  the  Wrangell-St.  Elias  National  Park  and  Preserve.  Most  visitors  to  McCarthy  and  the  park 
cross  the  West  Fork  Kennicott  River  using  a  hand-pulled  tram  and  cross  the  East  Fork  Kennicott 
River  on  a  temporary  footbridge.  Outburst  floods  from  glacier-dammed  lakes  result  in  channel  ero- 
sion, aggradation,  and  migration  of  the  Kennicott  River,  which  disrupt  transportation  links,  destroy 
property,  and  threaten  life.  Hidden  Creek  Lake,  the  largest  of  six  glacier-dammed  lakes  in  the  Ken- 
nicott River  Basin,  has  annual  outbursts  that  cause  the  largest  floods  on  the  Kennicott  River.  Out- 
bursts from  Hidden  Creek  Lake  occur  from  early  fall  to  mid-summer,  and  lake  levels  at  the  onset  of 
the  outbursts  have  declined  between  1909  and  1995.  Criteria  for  impending  outbursts  for  Hidden 
Creek  Lake  include  lake  stage  near  or  above  3,000  to  3,020  feet,  stationary  or  declining  lake  stage, 
evidence  of  recent  calving  of  large  ice  blocks  from  the  ice  margin,  slush  ice  and  small  icebergs 
stranded  on  the  lakeshore,  and  fresh  fractures  in  the  ice-margin  region. 

The  lower  Kennicott  Glacier  has  thinned  and  retreated  since  about  1860.  The  East  and  West 
Fork  Kennicott  River  channels  migrated  in  response  to  changes  in  the  lower  Kennicott  Glacier.  The 
largest  channel  changes  occur  during  outburst  floods  from  Hidden  Creek  Lake,  whereas  channel 
changes  from  the  other  glacier-dammed  lake  outbursts  are  small.  Each  year,  the  West  Fork  Kennicott 
River  conveys  a  larger  percentage  of  the  Kennicott  Glacier  drainage  than  it  did  the  previous  year. 

Outburst  floods  on  the  Kennicott  River  cause  the  river  stage  to  rise  over  a  period  of  several 
hours.  Smaller  spike  peaks  have  a  very  rapid  stage  rise.  Potential  flood  magnitude  was  estimated  by 
combining  known  maximum  discharges  from  Hidden  Creek  Lake  and  Lake  Erie  outburst  floods  with 
a  theoretical  large  regional  flood.  Flood  hazard  areas  at  the  transportation  corridor  were  delineated, 
and  possible  future  geomorphological  changes  were  hypothesized. 

INTRODUCTION 

The  town  of  McCarthy  (fig.  1)  is  located  in  the  largest  national  park  system  unit  in  the  United 
States,  Wrangell-St.  Elias  National  Park  and  Preserve.  The  park  contains  some  of  the  highest 
mountains  in  North  America,  many  glaciers  and  ice  fields,  and  abundant  wildlife.  More  than 
591,000  tons  of  copper  ore  was  mined  and  processed  in  the  McCarthy  area  between  1908  and  1938. 
Most  of  this  copper  came  from  Bonanza  Ridge,  6  mi  north  of  McCarthy  and  was  transported  to  the 
coast  by  the  Copper  River  and  Northwestern  Railway  (CR&NWR).  Railway  bridges  spanning  the 
Kennicott  River  were  commonly  damaged  or  destroyed  by  floods  and  channel  migration  (McCar- 
thy Weekly  News,  1921-26;  Janson,  1975;  Friend,  1988).  The  railway  ceased  operations  in  1938 
and  the  railroad  bed  was  gradually  converted  to  the  McCarthy  Road. 
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Figure  1.  Location  of  Kennicott  River  Basin  in  Wrangell-St.Elias  National  Park  and  Preserve. 
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The  rich  colorful  history  and  natural  beauty  of  the  McCarthy  area  attract  several  thousand 
visitors  annually.  Most  of  the  visitors  drive  the  McCarthy  Road  59  mi  from  Chitina  to  the  west  side 
of  the  Kennicott  River  (fig.  2).  The  road  ends  at  the  river  because  bridges  were  destroyed  in  1981 
by  catastrophic  flooding  caused  by  the  Hidden  Creek  Lake  outburst.  Access  to  the  Kennecott  mines 
and  the  town  of  McCarthy  requires  visitors  and  residents  to  cross  the  West  Fork  Kennicott  River 
in  a  hand-pulled  tram  suspended  from  a  cable.  A  temporary  footbridge  has  been  constructed  on  the 
East  Fork  in  addition  to  a  hand-pulled  tram.  This  bridge  washes  out  on  an  annual  basis.  The  hand- 
pulled  trams  and  temporary  bridge  are  scheduled  to  be  replaced  with  permanent  footbridges  in 
1997.  A  privately  owned  visitor  parking  and  camping  area  is  located  on  alluvial  terraces  near  the 
tram  crossing  of  the  West  Fork  Kennicott  River  near  the  Kennicott  Glacier  terminus.  The  town  of 
McCarthy  (fig.  2)  is  also  located  on  an  alluvial  terrace  approximately  1  mi  east  of  the  visitor  park- 
ing area. 

Numerous  glacier-dammed  lakes  are  located  in  the  Kennicott  River  Basin  (fig.  2).  Outburst 
floods1  (jokulhlaups)  are  common  in  the  Kennicott  River  and  cause  considerable  loss  of  property, 
disruption  of  transportation  links  into  Wrangell-St.  Elias  National  Park  and  Preserve,  and  threaten 
human  life.  Flooding  is  the  largest  cause  of  river  channel  instability,  channel  migration,  and  chan- 
nel rerouting.  It  is  the  policy  of  the  National  Park  Service  to  preserve  flood-plain  values  and  min- 
imize hazardous  conditions  associated  with  flooding.  The  U.S.  Geological  Survey  (USGS),  in 
cooperation  with  the  National  Park  Service,  evaluated  hydrologic  conditions  and  natural  hazards 
in  the  Kennicott  River  Basin. 

Purpose  and  Scope 

The  purpose  of  this  study  was  to  identify,  describe,  and  measure  hydrologic  conditions  and 
hazards  in  the  Kennicott  River  Basin  that  threaten  park  visitors,  residents,  and  transportation  routes 
in  the  park's  most  heavily  used  area.  This  report  describes  the  results  of  the  study;  the  study  area 
is  shown  on  figure  2. 

The  work  included  the  following  elements: 

•  Identify,  map,  and  describe  glacier-dammed  lakes.  Evaluate  the  timing  and  mechanism  of 
outbursts,  historical  lake  levels,  and  develop  outburst  predictive  criteria  for  Hidden  Creek 
Lake,  which  will  provide  warning  of  imminent  flooding  in  the  Kennicott  River. 

•  Identify,  map,  and  describe  changes  to  Kennicott  Glacier  from  1909  to  1995,  including 
internal  drainage,  glacier  terminus  changes,  and  outwash  evolution  to  gain  insight  into 
probable  and  possible  future  changes  in  and  around  the  transportation  corridor. 

•  Describe  the  Kennicott  River  source,  river  stage,  streamflow,  channel  erosion,  aggradation, 

and  migration. 

•  Evaluate  hydrologic  hazards  for  the  West  Fork  Kennicott  River  and  East  Fork  Kennicott 
River  in  and  around  the  transportation  corridor,  determine  whether  specific  hazards  could 
be  monitored  in  the  future,  and  identify  appropriate  monitoring  mechanisms.  Other  natural 
hazards,  such  as  rockslides  and  snow  avalanches  were  beyond  the  scope  of  this  study. 
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Figure  2.  Location  of  study  area,  glacier-dammed  lakes,  and  selected 
data-collection  sites  in  the  Kennicott  River  Basin. 
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DESCRIPTION  OF  THE  KENNICOTT  DRAINAGE  BASIN 

Climate 

The  Kennicott  River  Basin  area  (figs.  1  and  2)  is  located  in  a  transitional  climate  zone 
between  the  wet,  temperate  climate  of  the  coast  and  the  drier  climate  with  larger  temperature 
extremes  of  the  interior.  Precipitation  and  surface-water  runoff  quantities  vary  because  of  the  large 
elevation  range  and  the  presence  of  glaciers  (Emery  and  others,  1985).  Climate  data  have  been  col- 
lected at  four  climatological  stations  (Kennicott,  McCarthy,  McCarthy  1  NE,  and  McCarthy  3  SW; 
fig.  2,  and  table  1).  Currently,  climatological  data  collected  at  McCarthy  3  SW,  about  3  mi  south- 
west of  McCarthy,  are  published  monthly  by  the  National  Oceanic  and  Atmospheric  Administra- 
tion (1922-90)  and  are  summarized  intermittently  by  the  Arctic  Environmental  Information  and 
Data  Center  (Leslie,  1989).  Precipitation  data  for  additional  sites  in  and  near  the  Wrangell-  St.  Elias 
National  Park  have  been  summarized  by  Jones  and  Glass  (1993). 

Table  1 .  Precipitation  at  selected  climatological  stations  in  the  Kennicott  River  Basin  near  McCarthy 

[Data  from  National  Weather  Service  (National  Oceanic  and  Atmospheric  Administration,  1922-90)] 


O   ri> 


Station  name 


Latitude  Longitude 


Elevation 
(feet) 


Period  of 
record 


Mean 
annual 
precipi- 

ation 
(inches) 


Maximum 

daily 
rainfall1 
(inches) 


1  Kennicott  61°  29'  142°  53"  2,210  1/22-8/47  23.26  1.97 

2  McCarthy  1  NE  61°  26'  142°  54'  1,540  10/76-2/83  20.82  2.00 

3  McCarthy  61°  26'  142?  55'  1,380  7/68-9/76  17.23  1.13 

4  McCarthy  3  SW  61°  25'  143°  00'  1,250  1/84-10/90  21.47  2.33 


'For  months  May  through  September 
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Recorded  values  of  annual  precipitation  range  from  10.11  in.  at  McCarthy  during  1969  to 
30.68  in.  at  Kennicott  in  1944.  According  to  the  generalized  mean  annual  precipitation  map  of  the 
Copper  River  basin  (Jones  and  Fahl,  1994),  mountainous  areas  above  the  precipitation  collection 
sites  shown  in  table  1  receive  from  40  to  more  than  80  in. 

Physical  Description 

The  Kennicott  River  originates  on  the  south  side  of  the  Wrangell  Mountains  and  terminates 
at  the  confluence  with  the  Nizina  River  (fig.  2).  The  basin  upstream  from  the  confluence  with 
McCarthy  Creek  is  352  mi  in  size,  of  which  approximately  46  percent  is  covered  by  glaciers  and 
perennial  snow.  Several  peaks  in  the  Kennicott  River  Basin  are  higher  than  13,000  ft:  Mount 
Blackburn  is  the  highest  at  an  elevation  of  16,390  ft.  Bedrock  of  the  upper  basin  includes  andesitic 
flows  and  pyroclastics  of  the  Wrangell  volcanic  field,  and  intrusive  rocks  which  include  dacite 
(MacKevett,  1972).  Bedrock  in  the  Hidden  Creek  Valley  and  lower  reaches  of  the  Kennicott  River 
valley  is  made  up  of  predominately  the  Chitistone  Limestone,  Nizina  Limestone,  Nikolai  Green- 
stone, all  of  Triassic  age,  and  of  the  McCarthy  Formation  of  Triassic  and  Jurassic  age  (MacKevett, 
1972). 

Glaciers 

The  largest  glacier  in  the  basin  is  Kennicott  Glacier  (fig.  2),  which  is  28  mi  long  and  drains 
the  south  side  of  Atna  Peaks  and  the  southeast  side  of  Mount  Blackburn.  Root  Glacier  (fig.  2),  a 
tributary  to  Kennicott  Glacier,  is  the  second  largest  glacier  in  the  basin.  This  glacier  is  17  mi  long, 
drains  the  south  side  of  Regal  Mountain,  and  merges  with  Kennicott  Glacier  immediately  south  of 
Donoho  Peak. 

Kennicott  Glacier  has  been  described  by  Bateman  (1922),  Field  (1975),  Denton  (1975),  and 
Jones  and  Glass  (1993).  Drawings  and  descriptions  by  Bateman,  as  well  as  aerial  photographs  from 
the  last  60  years,  indicate  that  the  lower  part  of  Kennicott  Glacier  has  thinned  and  retreated.  An 
ice-cored  moraine  at  the  glacier  terminus  has  thawed.  Botanical  observations  at  the  terminal 
moraine  indicate  that  the  maximum  advance  occurred  about  1860  (Viereck,  1967).  A  360-year-old 
group  of  trees,  partly  buried  by  alluvial  deposits,  indicates  that  the  glacier  has  not  extended  beyond 
its  1860  maximum  since  at  least  1600  (Viereck,  1967). 

Glaciers  in  the  Wrangell  Mountains  commonly  block  ice-free  tributary  valleys,  forming 
unstable  lakes.  Many  glacier-dammed  lakes  drain  rapidly  on  an  annual  basis.  Failures  of  the  gla- 
cier-ice dams  cause  periodic  flooding  downstream.  Two  glacier-dammed  lakes  are  found  along 
Kennicott  Glacier  and  four  along  Root  Glacier;  numerous  supraglacial  lakes  are  found  on  both 
glaciers.  The  largest  glacier-dammed  lake  is  Hidden  Creek  Lake,  located  on  the  west  flank  of  Ken- 
nicott Glacier  (fig.  2). 

Kennicott  River 

The  Kennicott  River  flows  from  the  terminus  of  Kennicott  Glacier  4.7  mi  to  the  confluence 
with  the  Nizina  River.  Two  channels  currently  flow  from  the  terminus  of  the  glacier.  The  West  Fork 
Kennicott  River  is  the  larger  channel,  located  on  the  western  side  of  a  terminal  moraine  and  the 
smaller  East  Fork  Kennicott  River  is  on  the  eastern  side.  A  capture  channel  at  the  toe  of  the  Ken- 
nicott Glacier  terminus  currently  diverts  much  of  the  flow  from  the  East  Fork  Kennicott  River  into 
the  West  Fork  Kennicott  River.  Mean  annual  discharge  for  the  combined  flow  of  the  East  and  West 
Forks  Kennicott  River  at  McCarthy  is  estimated  to  be  about  1,300  ft  /s  (Jones  and  Glass,  1993). 
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HYDROLOGIC  CONDITIONS 

Glacier-Dammed  Lakes 

Six  glacier-dammed  lakes  and  numerous  small  ponds  that  drain  periodically  are  known  in  the 
Kennicott  basin  (fig.  2).  In  this  report,  Bonanza  Lakes  are  considered  a  single  lake,  as  are  Gates 
Lakes.  Physical  characteristics  of  the  larger  lakes  are  summarized  in  table  2  and  described  below. 

Table  2.  Selected  physical  characteristics  of  glacier-dammed  lakes  in  the  Kennicott  Basin 


Lake  name 
(fig-  2) 


Distance  up-glacier 

from  McCarthy 

(miles) 


Surface  elevation1 

(feet) 
(USGS  1908  datum) 


Estimated 

depth1 

(feet) 


Approximate 
surface  area1 
(square  miles) 


Hidden  Creek 

10 

3,000 

350 

0.5-  0.75 

Erie 

9 

3,000 

>100 

0.12 

Donoho 

6 

2,500 

>100 

0.03 

Gates 

12 

3,400 

Unknown 

0.012-0.015 

Jumbo 

5 

2,100 

50-75 

0.02 

Bonanza 

3.8 

2,000 

75-100 

0.008-0.013 

*At  maximum  observed  lake  stage 

Three  other  small  lakes  perched  in  the  lateral  moraines  near  Fourth  of  July  Creek,  Donoho 
Peak,  and  upper  Kennicott  Glacier  did  not  drain  during  the  study,  and  appear  to  be  isolated  from 
the  active  glacial  system. 

Hidden  Creek  Lake 

Hidden  Creek  Lake  is  the  largest  glacier-dammed  lake  in  the  Kennicott  basin  and  is  located 
approximately  10  mi  northwest  of  McCarthy  (fig.  2).  The  lake  abuts  the  western  margin  of  Kenni- 
cott Glacier  (fig.  3).  Melt  from  glaciers,  rock-glacier  ice,  and  snow,  as  well  as  rainfall  and  ground 
water,  contribute  to  lake  inflow.  The  lake  is  at  an  elevation  of  approximately  3,000  ft  and  has  a  sur- 
face area  ranging  from  0.5  to  0.75  mi2  when  full.  Historical  records  reveal  that  Hidden  Creek  Lake 
(originally  called  Icy  Lake)  has  had  outbursts  since  at  least  the  turn  of  the  century  (Moffit,  1938). 
The  lake  was  first  described  in  1907  (Moffit  and  Maddren,  1909)  and  the  earliest  reported  outburst 
was  in  1909  (Moffit  and  Capps,  1911). 

Hidden  Creek  Lake  is  located  adjacent  to  the  Kennicott  Glacier  ablation  zone.  Kennicott 
Glacier  has  retreated  since  its  1860  maximum,  leaving  conspicuous  terminal  lateral  moraines.  Cur- 
rently, lateral  moraines  near  the  terminus  are  situated  approximately  100  ft  above  the  adjacent  gla- 
cier ice  surface  indicating  substantial  loss  of  glacial  mass  since  1860.  The  1957  and  1994  ice- 
margin  positions  have  retreated  approximately  750  and  1,100  ft,  respectively,  from  the  1860 
moraine  (fig.  3).  Retreat  is  most  extensive  along  the  southeast  corner  of  the  lake,  near  the  drain 
hole.  The  western  lake  boundary  at  maximum  stage  has  migrated  downvalley  over  time,  concur- 
rently with  retreat  of  the  ice  margin  in  the  lake  basin. 
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Figure  3.  Maximum  stage  and  glacier  margin  position  for  selected  years  at 
Hidden  Creek  Lake  (U.S.  Geological  Survey,  July  29, 1957  aerial 
photograph.) 


8     Hydrologic  Conditions  and  Hazards  in  the  Kennicott  River  Basin,  Wrangell-St.  Ellas  National  Park  and  Preserve,  Alaska 


Ice  Dam  and  Outbursts 

Observations  during  the  study  show  that  glacier  ice  adjacent  to  Hidden  Creek  Lake  floats  as 
the  lake  fills  and  settles  as  the  lake  drains.  Time-lapse  photography  obtained  during  the  summers 
of  1994  and  1995  recorded  the  collapse  of  the  Kennicott  Glacier  margin  during  the  outbursts. 
Retreat  of  the  ice  margin  is  fastest  when  it  is  floating.  One  week  prior  to  the  1994  outburst,  large 
icebergs  calved  from  the  ice  margin.  The  1957  aerial  photograph  (fig.  3),  taken  5  days  prior  to  the 
outburst,  shows  a  large  iceberg  in  front  of  the  ice  dam.  Calving  of  large  icebergs  may  signal  floating 
of  the  ice  margin  and  water  leaking  through  the  ice  dam. 

A  series  of  arcuate  crevasses  develop  across  the  glacier  where  it  pushes  into  Hidden  Creek 
Valley  (fig.  3).  These  crevasses  mark  the  zones  of  vertical  and  horizontal  displacement  along  which 
the  ice  margin  rises  and  falls.  They  extend  1,200  ft  back  from  the  ice  margin,  indicating  that  the  ice 
floats  over  a  wide  zone.  Direct  measurement  of  ice-margin  lifting  was  not  possible,  but  scaling  of 
features  indicates  that  the  margin  rises  75  ft  or  more  as  lake  level  rises. 

Thickness  of  the  glacier  dam  is  a  factor  controlling  maximum  lake  stage.  When  lake  stage 
reaches  approximately  nine-tenths  the  ice  thickness  at  the  damming  point,  the  ice  floats,  thus 
allowing  the  lake  to  drain  (Post  and  Mayo,  1971).  The  lake  is  approximately  350  ft  deep  adjacent 
to  Kennicott  Glacier  (Friend,  1988).  Depth  soundings  along  the  glacier  were  not  practical  because 
of  safety  concerns.  Lack  of  historical  and  current  glacier  thickness  data  prevents  reconstruction  of 
glacier  thickness  in  the  ice-dam  region.  Continued  decreasing  glacier  thickness  and  retreat  of  the 
ice  margin  are  reducing  the  effectiveness  of  the  ice  dam  to  impound  water. 

Timing  and  Mechanism  of  Outbursts 

Historically,  Hidden  Creek  Lake  has  drained  annually  during  the  late  summer  or  early  fall. 
There  have  been  no  reported  winter  outbursts.  A  complete  list  of  known  lake  conditions  from  1860 
to  1995  is  presented  in  appendix  1.  On  the  basis  of  25  known  outburst  dates  between  1911  and  1995 
(fig.  4),  Hidden  Creek  Lake  has  shown  a  trend  toward  earlier  outburst  dates.  During  years  in  which 
the  date  of  the  outburst  was  not  recorded,  the  approximate  time  of  outburst  can  be  deduced  from 
observations  before  and  after  the  outburst  had  occurred  (fig.  5).  Trends  between  1970  and  1995  are 
less  obvious:  all  outbursts  occurred  between  early  July  and  mid- August.  Since  1988,  Hidden  Creek 
Lake  has  drained  annually  between  July  5  and  August  3. 

Survey  monuments  were  established  at  several  locations  in  and  around  the  Hidden  Creek 
Lake  basin.  Monument  locations  and  elevations  were  tied  to  a  common  datum  using  the  Global 
Positioning  System  (GPS).  Information  about  monument  locations,  elevations,  and  survey  error 
can  be  found  in  appendix  2.  Historical  lake  elevations  were  determined  by  surveying  matching 
points  from  historical  photographs  with  points  on  the  ground  (appendix  3).  Whenever  possible, 
several  points  around  the  lake  perimeter  were  surveyed  for  each  photograph  to  verify  the  maximum 
elevations.  A  list  of  the  photographs  used  is  found  in  appendix  1. 

Dropstones  found  in  the  alluvial  fan  zone  were  surveyed.  The  uppermost  limit  of  lake  depos- 
its (thickness  increases  down  valley)  is  slightly  higher  than  the  1957  lake  level  (3,083  and  3,071  ft, 
respectively).  Isolated  dropstones  protrude  through  or  rest  upon  the  recent  alluvium  up  to  3,101  ft 
elevation,  which  corresponds  closely  to  the  surveyed  maximum  stage  for  1916.  Remnants  of  a  very 
old  washline  follow  the  3,152-foot-elevation  contour.  This  washline  is  the  highest  known  water 
level  and  is  thought  to  have  formed  about  1860  during  the  little  ice  age.  Maximum  lake  elevation 
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Figure  4.  Known  and  reported  outburst  dates  for  Hidden  Creek  Lake,  191 1  to  1995. 
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Figure  5.  Known  pre-  and  post-outburst  dates  for  Hidden  Creek  Lake,  191 1  to  1995. 

data  for  1860  to  1995  show  a  decreasing  trend  with  time  (fig.  6).  Maximum  lake  stages,  1990  to 
present,  have  been  between  3,000  and  3,020  ft  and  are  significantly  lower  than  pre- 1957  stages  (fig. 
6).  The  1992,  1994,  and  1995  lake  levels  reached  3,002,  3,021,  and  3,007  ft,  respectively. 

The  combination  of  increasingly  early  outbursts  and  lower  lake  levels  prior  to  outburst  are 
probably  caused  by  thinning  of  the  Kennicott  Glacier  at  the  dam.  Ice  deformation  and  ice/bed  sep- 
aration caused  by  glacier  movement  may  also  play  a  role  in  the  outburst  timing.  Determining  the 
outburst  mechanism  is  beyond  the  scope  of  this  study.  Outburst  mechanisms  for  glacier-dammed 
lakes  are  discussed  more  thoroughly  by  Embleton  and  King  (1975,  p.  540-41)  and  Knight  and 
Tweed  (1991,  p.  175-184). 
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Figure  6.  Maximum  known  water-surface  elevations  at  onset  and  prior  to  outbursts 
for  Hidden  Creek  Lake. 


After  the  lake  drains,  Hidden  Creek  traverses  the  former  lakebed  and  flows  under  Kennicott 
Glacier  at  the  southeast  corner  of  the  former  lake  basin  in  what  appears  to  be  the  remnants  of  a  large 
drainage  cavern.  Glacier-dammed  lake  drainage  conduits  reseal  by  plastic  deformation  and  col- 
lapse of  glacial  ice  (Embleton  and  King,  1975,  p.  340). 

Hidden  Creek  Lake  Bed 

The  Hidden  Creek  Lake  bed  can  be  divided  into  three  distinct  zones:  alluvial  fan,  ice-cored, 
and  depression  (fig.  7). 

The  alluvial  fan  zone  is  an  active  alluvial  fan  filling  the  valley  bottom.  The  2  percent  bed 
slope  is  incised  by  Hidden  Creek.  A  thin  glacial-lake  dropstone  veneer  overlies  fluvial  deposits 
(fig.  8).  Greenstone  and  limestone  constitute  most  of  the  fluvial  gravel,  and  make  up  all  of  the  rock 
outcrops  in  Hidden  Creek  Valley. 

The  ice-cored  zone  is  the  area  between  the  1860  side- valley  moraine  and  a  rock  glacier,  and 
is  incised  by  several  small  streams  (figs.  3  and  7).  Ice  is  exposed  in  the  incised  streambanks  of  Hid- 
den Creek.  Large  blocks  of  ice  remain  attached  to  the  substrate  and  do  not  float  when  covered  by 
lake  water.  Part  of  the  lake  bottom  is  probably  an  ice-cored  down-slope  extension  of  the  upper  allu- 
vial fan  zone,  but  has  been  lowered  because  of  melting  of  the  ice  core.  The  ice  core  is  overlaid  with 
well-rounded  gravel,  similar  to  that  found  in  the  alluvial  fan  zone. 

The  depression  zone  is  an  oval-shaped  depression  between  the  1 860  moraine  and  the  ice  dam 
(figs.  7  and  9).  It  is  covered  and  choked  with  large  icebergs  after  the  lake  drains.  This  large  depres- 
sion was  formed  after  Kennicott  Glacier  retreated  from  its  side-valley  moraine.  Depression  depth 
may  exceed  350  ft  near  the  ice  dam,  and  contains  a  significant  portion  of  the  total  lake  volume 
(Friend,  1988).  A  small  lake  that  was  formed  when  the  photograph  was  taken  is  shown  in  figure  9. 
This  small  lake  had  drained  by  the  next  morning,  and  began  re-forming. 
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Figure  7.  Alluvial-fan,  ice-cored,  and  depression  zones  of  Hidden  Creek  Lake  bed,  May  12, 1994. 


Lake  Volume  and  Stages,  1994  and  1995 

A  lake  stage- volume  curve  was  developed  by  plotting  1994  and  1995  Hidden  Creek  Lake  sur- 
vey data  (fig.  10;  appendix  3).  Volumes  for  the  surveyed  part  of  the  lakebed  were  calculated  using 
Geographic  Information  System  (GIS)  software.  Much  of  the  lakebed  was  choked  with  icebergs 
and  was  not  surveyed.  Volume  was  adjusted  to  include  the  oval  depression  at  the  ice  dam,  using 
data  from  Friend  (1988).  The  approximate  change  in  lake  volume  with  elevation  is  shown  in  figure 
10.  However,  this  illustration  does  not  reflect  total  volume  of  water  retained  because  the  volume 
beneath  the  ice  wedge  between  the  ice  margin  and  the  dam,  and  within  glacier  fractures  cannot  be 
measured. 

Lake  level  rose  approximately  2  ft/d  between  July  1  and  July  9,  1994  (Joseph  Walder,  USGS, 
written  commun.,  1995).  Lake  levels  were  observed  to  become  stationary  or  slowly  drop  prior  to 
the  1986  outburst  (Friend,  1988).  This  was  also  documented  using  time-lapse  photography  for  the 
1994  and  1995  outbursts.  Slow  declines  in  lake  stage  up  to  6  days  prior  to  outburst  were  not  notice- 
able from  aerial  observations  made  in  1994  and  1995. 
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Figure  8.  Hidden  Creek  Lake  bed  deposits  capping 
fluvial  gravels,  August  31 ,  1994. 

Criteria  for  Pending  Outbursts 

The  following  criteria  indicate  when  an  outburst  of  Hidden  Creek  Lake  is  imminent: 

•  Lake  stage  near  or  above  the  level  of  recent  maximum  stages  (3,000  to  3,020  ft). 

•  Stationary  or  declining  lake  stage  during  the  period  in  which  meltwater  and  rain  would  be 
expected  to  be  raising  the  lake  stage  (July  and  August). 

•  Evidence  of  recent  calving  of  large  ice  blocks  from  the  ice  margin. 

•  Formation  of  a  "clean  ice"  washline  along  the  ice  margin.  This  is  visible  after  a  small  decline  in 

lake  stage. 

•  Slush  ice  and  small  icebergs  stranded  on  the  lakeshore. 

•  Fresh  fractures  and  escarpments  in  the  ice  margin  region. 
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Figure  9.  Large  depression  near  the  glacier  margin,  Hidden  Creek  Lake, 
August  31, 1994. 
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Figure  10.  Hidden  Creek  Lake  volume  (based  on  1994  and  1995  survey  data;  not 
adjusted  to  exclude  volume  displaced  by  icebergs) 
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Other  Glacier-Dammed  Lakes 

Erie  Lake  is  the  second  largest  glacier-dammed  lake  in  the  Kennicott  basin  (fig.  2,  table  2). 
Strandlines  indicate  that  recent  maximum  lake  stages  are  lower  than  historical  lake  levels  (fig.  11). 
The  lake  usually  outbursts  during  July  or  early  August,  based  on  observations  made  in  1982,  1988, 
and  1993-95.  The  Erie  Lake  outburst  occurred  before  the  Hidden  Creek  Lake  outburst  in  1994,  and 
after  the  Hidden  Creek  Lake  outburst  in  1995.  Erie  Lake  drained  in  3  days  during  the  1994  out- 
burst. One  of  the  englacial  or  subglacial  conduits,  observed  during  the  1994  outburst,  is  located 
at  the  up-glacier  end  of  the  lake,  indicating  a  complex  drainage  system  (Roger  Elconin,  Humboldt 
State  University,  written  commun.,  1994).  A  compilation  of  Erie  Lake  fill  and  drain  information 
can  be  found  in  appendix  4. 

Donoho  Lake  is  located  at  the  confluence  of  the  Root  and  Kennicott  Glaciers  (fig.  2).  Its  main 
source  of  inflow  is  a  small  creek  (fig.  12)  that  drains  non-glacier  lakes  below  Donoho  Peak,  as  well 
as  snowmelt  and  glacier  icemelt  from  the  surrounding  glaciers.  During  1994,  the  lake  drained  in 
early  June  after  Jumbo  Lake  drained,  and  prior  to  Erie  and  Hidden  Creek  Lake  outbursts.  Uniden- 
tified englacial  and  (or)  subglacial  sources,  as  well  as  rain  and  glacier  meltwater,  refill  the  lake  peri- 
odically after  the  initial  early  summer  outburst.  As  Hidden  Creek  Lake  drains,  Donoho  Lake  refills 
with  muddy  water  and  remains  full  until  Hidden  Creek  Lake  is  empty,  at  which  time  Donoho  Lake 
also  drains.  Muddy  water  refilling  this  lake  is  a  good  indicator  that  the  Hidden  Creek  Lake  outburst 
has  begun.  A  summary  of  historical  data  and  references  for  Donoho  Lake  can  be  found  in 
appendix  4. 

Since  1948,  two  or  three  small  lakes,  referred  to  as  Gates  Lakes,  have  formed  near  the  con- 
fluence of  the  Gates  and  Kennicott  Glaciers  (fig.  2).  These  are  usually  the  last  glacier-dammed 
lakes  in  the  Kennicott  basin  to  drain;  however,  monitoring  in  1994  revealed  small  declines  in  water 
level  in  July.  They  did  not  drain  until  late  fall. 

Jumbo  Lake  is  adjacent  to  Root  Glacier  between  Erie  Lake  and  Bonanza  Lakes  (fig.  2).  Ama- 
zon Creek,  Jumbo  Creek  glacier  meltwater,  and  rainwater  all  contribute  to  Jumbo  Lake.  Historical 
records  show  that  the  lake  is  empty  during  July  and  August  (appendix  4).  The  lake  slowly  drained 
over  a  6-day  period  between  May  20  and  May  26  during  1994.  This  lake  is  connected  to  the  internal 
drainage  system  of  Root  and  Kennicott  Glaciers:  it  refills  when  Hidden  Creek  Lake  drains.  Jumbo 
Lake  prior  to  draining  in  1994  is  shown  in  figure  13. 

Bonanza  Lakes  consist  of  two  small  ponds  located  adjacent  to  the  Kennecott  Mining  Com- 
pany mill  at  Kennicott  (figs.  2  and  14).  In  four  of  six  years  in  which  outburst  can  be  defined,  the 
outburst  occurred  in  May  or  June.  They  remain  empty  throughout  the  summer. 

Numerous  small  supraglacial  lakes  are  found  on  the  Kennicott,  Root,  and  Gates  Glaciers. 
Individual  lake  volumes  are  relatively  small  compared  with  the  volumes  of  the  glacier-dammed 
lakes  previously  discussed,  but  the  combined  volume  released  when  conduits  are  opened  during 
lake  outbursts  may  be  significant. 
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Figure  11.  Erie  Lake  draining,  July  16, 1994.  (Note  wash  line  and  lightly  vegetated 
strandlines.) 


Figure  12.  Donoho  Lake  on  May  12,  1994,  prior  to  its  early  summer  outburst. 
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Figure  13.  Jumbo  Lake  on  May  12, 1994,  prior  to  draining. 


Figure  14.  Bonanza  Lakes  near  Kennecott  mill  site,  May  12,  1994. 
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Kennicott  Glacier 
Internal  Drainage 

Englacial  and  subglacial  drainage  conduits  generally  follow  the  line  of  maximum  hydraulic 
gradient  (Embleton  and  King,  1975,  p.  353).  Hydraulic  gradients  were  calculated  using  the  1957 
maximum  lake  elevation  for  Hidden  Creek  Lake  and  the  elevations  of  lake/holes,  Jumbo  Lake,  and 
Donoho  Lake.  The  largest  hydraulic  gradient  (0.031  ft/ft)  was  from  Hidden  Creek  Lake  to  east 
lake/hole  1  and  west  lake/hole  3  (shown  on  figures  16  and  19,  respectively,  later  in  this  report),  and 
the  smallest  (0.028  ft/ft)  from  Hidden  Creek  Lake  to  Donoho  and  Jumbo  Lakes  (fig.  2). 

Outburst  flood  waters  from  Hidden  Creek  Lake  enter  Kennicott  Glacier,  refill  Donoho  and 
Jumbo  Lakes,  and  emerge  first  along  the  eastern  margin  of  Kennicott  Glacier,  not  at  the  lake/holes 
of  maximum  hydraulic  gradient.  Historical  records  indicate  that  Hidden  Creek  Lake  flood  waters 
have  consistently  emerged  from  the  glacier  along  the  eastern  margin  above  the  East  Fork  Kennicott 
River  (Bateman,  1922;  McCarthy  Weekly  News,  1921-26;  Janson,  1975;  and  Friend,  1988). 

Bedrock  and  subglacial  topography  have  an  unknown  influence  on  the  internal  drainage  sys- 
tem. Small  dacite  knobs  have  recently  become  exposed  through  the  thinning  ice  along  the  western 
flank  of  Kennicott  Glacier.  It  is  possible  that  these  resistant  bedrock  knobs  form  topographic  high 
points  underneath  Kennicott  Glacier  (fig.  15),  south  of  Fourth  of  July  Creek  (fig.  2),  and  may  divert 
englacial  and  subglacial  water  toward  Donoho  Lake  and  the  eastern  margin  of  the  glacier.  Crevasse 
patterns  suggest  that  the  glacier  passes  over  an  irregular  subsurface  in  this  region.  Mapping  of  sub- 
glacial landforms  was  beyond  the  scope  of  this  study.  If  the  dacite  forms  discontinuous  high  points 
or  is  not  present,  future  outburst  flood  water  may  emerge  from  the  western  side  of  Kennicott  Gla- 
cier. Future  flood  hazard  potential  would  change  significantly  if  more  of  the  outburst  flood  waters 
were  to  emerge  from  the  western  side  of  the  glacier. 

A  series  of  en  echelon  fractures  were  developed  in  Kennicott  Glacier  adjacent  to  Root  Glacier 
in  1994  and  1995  as  flood  waters  flowed  to  Jumbo  Lake.  During  the  early  part  of  the  1994  Hidden 
Creek  Lake  outburst,  the  hydraulic  pressures  were  sufficient  to  fracture  the  ice.  Numerous  supra- 
glacial  ponds  drained  and  water  was  observed  to  flow  from  these  fractures.  During  outburst  floods, 
supraglacial  lakes  and  possible  englacial  and  subglacial  waters  are  tapped,  compounding  the  flood 
magnitude  in  the  Kennicott  River. 

Terminus  Advance  and  Retreat 

The  maximum  advance  of  Kennicott  Glacier  is  estimated  to  have  occurred  about  1 860.  This 
estimate  is  based  on  tree-ring  data  collected  from  stands  of  trees  in  the  Kennicott  basin  and  glacier 
margins  (Barry  Hecht,  Balance  Hydrologic,  Inc.,  oral  commun.,  1996;  Viereck,  1967).  Kennicott 
Glacier  and  associated  outwash  areas  have  changed  dramatically  as  the  glacier  has  retreated  from 
its  1860  maximum  (figs.  16-19). 

Changes  in  the  glacier  terminus  were  small  between  1860  and  1909,  as  shown  by  the  plan 
map  generated  during  the  survey  for  the  Copper  River  and  Northwestern  Railway  (fig.  20),  which 
depicts  the  glacier  margin  near  its  maximum  extent.  Survey  data  from  1911,  1912,  and  1920  sug- 
gest that  glacier  retreat  began  shortly  after  1909.  The  western  1860  trim  line  was  reported  to  be 
approximately  175  ft  above  the  1957  glacier  position  (Field,  1975).  Photographs  taken  in  the  early 
1900's  show  a  significantly  higher  glacier  ice  surface  elevation  for  areas  near  the  Kennecott  mill 
and  glacier  terminus.  The  terminus  of  Kennicott  Glacier  has  retreated  2,000  ft  since  1909  and  the 
corresponding  active  stream  channel/ice  margin  water  elevation  has  dropped  as  much  as  70  ft,  as 
indicated  from  geomorphic  profile  surveys  (figs.  21 A-B).  The  average  glacier  retreat  rate  between 
1909  and  1995  was  approximately  20  ft  annually  (fig.  21  A).  Glacier  retreat  west  of  the  West  Fork 
Kennicott  River  has  been  less  dramatic  (figs.  16,  19,  21C-E). 
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Figure15.  Kennicott  Glacier  and  outwash  history,  1860  to  1995,  index  map. 
(National  Park  Service  Aerial  Photograph) 


HYDROLOGIC  CONDITIONS      19 


KENNICOTT  GLACIER  AND  OUTWASH  HISTORY,  1860  TO  1995 
EXPLANATION  FOR  FIGURES  16,  17,  18,  AND  19 


1860  x-X-X-X-X  Feature  formed  in  association  with  1860  advance 

^~~ — -*~~      Leading  edge  of  1 860  moraine 
X«— X— — X  Pre-1 909:  feature  formed  during  1 860-1 909  period 

■   Pre-1 909:  channel  formed  during  1 860-1 909  period 

1909  •—• — ■  •  •  •  Circa  1909  feature  or  channel 

1925  1925 Circa  1925  channel 

1937  ■  Circa  1937  lake  or  channel 

1 957  Circa  1 957  lake  or  channel 

1966   X  X  X  X  X  X  Circa  1966  channel 

1970  o  a  a  a  a  a   Circa  1970  channel  or  lake 

1978  -1978 Circa  1978  channel 

1983  ■■■■■■    Circa  1983  channel  or  lake 
1985   a  a  a  a  a     Circa  1985  channel  or  lake 

1988  1988 Circa  1988  channel  or  lake 

1990      Photo  base       Circa  1990  feature  (aerial  photograph,  August  22, 1990,  scale  1:10,500) 

1 9g4  „ — 1994 circa  1 994  feature 

1995  mmmm  1995  •— »  Circa  1995  feature 

Margin  geomorphic  feature 
Margin  active  ice  front,  pre-1 948 
Margin  active  ice  front,  1990 

1970-83  Minimum  known  time  period  that  channel/lake  was  active 

1 935    m—  Point  where  water  exits  glacier  and  corresponding  year 

^  Geomorphic  profile  monument 

■    GP2    I        Geomorphic  profile  and  number 
I 1  (see  fig.  21) 

H  Trees  buried  by  outwash  deposits  860  years  before  present: 

*  Carbon-14  dating  (Gordon  Jacoby,  Tree  Ring  Laboratory, 

Columbia  University,  written  commun.,  1995.) 

Fx  Fracture  in  ice 

L  Lake  or  pond 

FP  Flood  plain 

0  500  1000  1500  FEET 

CH  Channel 


I 
I 

I 


I         I         I  I 

OW  Outwash  °        100       200      300       400  METERS 

FLD  Flood 

B  Waterboil/fountain 

PH  Historic  "pothole"  feature 

ELH  /WLH  East  or  West  lake/hole  where  water  accumulates  or  exits  glacier 
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Figure  17.  Kennicott  Glacier  and  outwash  history,  lower  east  side. 
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Figure  18.   Kennicott  Glacier  and  outwash  history,  upper  east  side. 
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Figure  19.  Kennicott  Glacier  and  outwash  history,  west  side. 
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A.  Geomorphic  profile  1 ,  lower  east  side  (see  figures  16  and  17  for  profile  location). 
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B.  Geomorphic  profile  2,  upper  east  side  (see  figure  17  for  profile  location). 
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C.  Geomorphic  profile  3,  south  side  (see  figure  16  for  profile  location). 


Figure  21.  Geomorphic  profiles  of  Kennicott  Glacier  outwash. 
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D.  Geomorphic  profile  4,  lower  west  side  (see  figure  16  for  profile  location). 
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E.  Geomorphic  profile  5,  upper  west  side  (see  figure  16  and  19  for  profile  location). 
Figure  21.  Continued. 
Outwash  Area  Evolution 

To  predict  future  changes,  the  stream  channel  and  lake/hole  morphology  from  1860  to  1995 
for  Kennicott  Glacier  and  its  outwash  area  has  been  reconstructed  using  historical  photographs  and 
documents  (table  3;  figs.  15-19).  Ice-margin  lakes,  active  stream  channels,  discharge  points,  sink- 
holes, and  glacial  and  geomorphic  features  are  plotted  for  the  following  years:  about  1860,  pre- 
1909,  about  1909,  1937,  1957,  1970,  1990,  1994,  and  1995.  In  addition,  selected  information  for 
1925,  1966,  1978  and  the  1980's  is  plotted. 

Physical  conditions  in  Kennicott  Glacier  and  its  outwash  area  evolve  as  the  glacier  thins  and 
retreats.  Recognizing  the  stages  in  this  evolutionary  sequence  provides  a  useful  tool  for  predicting 
future  drainage  pattern  changes  and  assessing  potential  flood  hazards.  A  recurring  evolution  pat- 
tern appears,  which  is  most  obvious  along  the  southeastern  margin  where  the  glacier's  retreat  is 
most  extensive.  This  study  identified  four  general  stages  of  outwash  area  evolution:  karst,  pond, 
active  channel,  and  abandoned  channel.  These  constitute  a  continuum  of  conditions.  In  many 
areas,  the  characteristics  overlap  and  merge,  and  not  all  conditions  may  be  present  at  any  given 
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Table  3.  Documentation  for  the  reconstruction  of  the  Kennicott  Glacier  and  its  outwash  area 


Source 


Date 


USGS  map,  Bulletin  374  (Moffit  and  Maddren,  1909) 

Copper  River  and  Northwestern  Railway  survey  maps 

United  States  Land  Office  (published  1920) 

Oblique  aerial  photography  by  Bradford  Washburn 

Trimetrogon  aerial  photography 

Aerial  photography,  USGS,  scale  1:48,000 

Oblique  aerial  photograph,  USGS 

Oblique  aerial  photograph,  USGS 

Oblique  aerial  photographs,  USGS 

Oblique  aerial  photograph,  USGS 

Oblique  aerial  photograph,  USGS 

Aerial  photograph.  Aeromap,  Inc.,  scale  1:20,000 

Aerial  photograph.  National  Aeronautic  and  Space  Administration,  scale  1:60,000 

Aerial  photography,  USGS,  scale  1:12,000 

Aerial  photograph.  Aeromap,  Inc.,  scale  1:2,000 

Aerial  photograph.  National  Aeronautic  and  Space  Administration,  scale  1 :60,000 

Aerial  photograph.  Aeromap,  Inc.,  scale  1:12,000 

Oblique  aerial  photograph,  USGS 

Aerial  photograph,  National  Park  Service,  scale  variable 

Aerial  photograph.  National  Park  Service,  scale  variable 

Aerial  photograph,  National  Park  Service,  scale  variable 

Aerial  photograph,  University  of  Alaska  Fairbanks,  Office  of  Land 

Oblique  photographs,  National  Park  Service 

Oblique  photographs,  National  Park  Service 


1907 
1909 
1912 
1937-38 
June  18,  1948 
July  27,  1957 
August  8,  1960 
July,  1961 
August  24,  1964 
July  20,  1966 
August  27,  1969 
August  26,  1970 
July  21,  1972 
September  1,  1974 
June  11, 1976 
August  1978 
August  19,  1983 
August  24,  1984 
September  12,  1985 
August  10,  1988 
August  22,  1990 
June  14,  1994 
1994 
1995 


time.  These  four  stages  consist  of  a  set  of  physical  conditions  that  form  and  respond  to  ablation, 
glacial  retreat,  and  complex  supraglacial,  englacial,  and  subglacial  drainage  controls.  Small  annual 
changes  are  common  and  catastrophic  changes  are  known  to  occur,  especially  during  outburst 
floods.  A  similar  pattern  of  evolution  is  also  observed  in  the  lower  reaches  of  the  Kuskulana  Gla- 
cier northwest  of  McCarthy  (fig.  1)  and  Nadina  Glacier  (terminus,  about  70  mi.  northwest  of 
McCarthy). 
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The  karst  stage  occurs  below  the  active  parts  of  the  glacier  within  the  moraine-covered  stag- 
nant ice  areas  (figs.  16-19),  in  which  tension  fractures  indicative  of  ice  movement  are  absent.  Char- 
acteristically, the  karst  stage  contains  small  and  large  sinkholes,  which  are  quasi-stationary. 
Initially,  these  features  are  circular  in  plan  view,  and  cone  shaped,  but  as  their  perimeters  melt  and 
collapse,  they  become  elongated,  which  suggests  linear  englacial  or  subglacial  channel  controlling 
mechanisms.  Small  ponds  occur  within  the  karst  areas,  some  of  which  evolve  from  sinkholes  and 
others  from  collapse  zones.  During  glacier-dammed  lake  outbursts,  these  sinkholes  and  ponds  fill, 
which  suggests  a  connection  with  the  internal  drainage  system  of  Kennicott  Glacier.  Englacial  and 
subglacial  conduits  are  active  in  the  karst  stage.  As  melting  progresses,  caverns  and  passages  form 
and  expand.  They  persist  from  year  to  year.  Discharge  from  west  lake/hole  3  (WLH3,  fig.  19) — 
which  lies  within  the  karst  area — increases  during  outbursts,  suggesting  that  it  is  connected  to  the 
glacier's  internal  drainage  system,  whereas  west  lake/hole  4  (WLH4,  fig.  19),  situated  in  the  active 
glacier,  has  a  constant  discharge  during  outburst  floods.  The  karst  area  acts  like  a  large  sponge  dur- 
ing outburst  floods.  Large  volumes  of  flood  water  are  temporarily  retained  in  the  karst  area,  espe- 
cially during  the  initial  stages  of  an  outburst  when  caverns  and  ponds  are  filling  with  water. 

The  pond  stage  occurs  as  Kennicott  Glacier  thins  and  retreats.  Remnant  karst  sinkhole  fea- 
tures persist  and  subglacial  channels  carry  water  between  ice  margin  ponds.  The  ponds  form 
embayments  into  the  stagnant  glacier  ice  along  the  ice-outwash  margin  and  in  the  stagnant  glacier 
ice  adjacent  to  the  margin.  Most  ponds  are  elongated  (figs.  16-19)  and  change  size  and  location 
over  time.  They  eventually  merge  forming  elongated  ponds  between  the  outwash  gravel  and  glacier 
ice.  Some  of  the  lakes  show  dramatic  stage  changes  during  outbursts,  suggesting  that  they  are  con- 
nected by  englacial  and  subglacial  channels.  Ice-margin  lakes,  such  as  those  observed  near  east 
lake/hole  4  (ELH4,  fig.  17),  have  persisted  as  geomorphic  features  (1937,  1957,  1964,  1970,  and 
1990)  and  are  connected  to  the  internal  drainage  system  of  the  glacier. 

A  transition  to  the  active  channel  stage  occurs  as  the  ice-margin  lakes  connect,  undercutting 
the  ice  margin  or  downcutting  through  outwash  deposits.  Between  1909  and  1995,  the  active  chan- 
nel position  has  migrated  toward  the  center  of  the  valley  (figs.  16-18),  and  streambed  elevation  has 
declined  (fig.  21).  Active  channels  carry  water  for  periods  ranging  from  a  few  years  to  more  than 
25  years  (fig.  16).  Some  active  channels  are  eventually  separated  from  the  glacier  margin  by  islands 
of  moraine-covered  ice,  as  noted  for  the  1909  and  1937  ice  locations  (figs.  16  and  18).  Eventually, 
the  elevation  of  the  active  channel  becomes  higher  than  that  of  the  glacier  margin  ponds.  Down- 
cutting  and  migration  of  active  channels  may  occur  rapidly  in  unconsolidated  outwash  sediments. 
For  example,  a  channel  downcut  approximately  20  ft  into  unconsolidated  outwash  sediments  in  the 
east  lake/hole  4  area  during  the  1994  Hidden  Creek  Lake  outburst  flood  (fig.  22). 

The  final  stage  of  outwash  area  evolution  is  the  abandoned  channel.  Catastrophic  and  small 
annual  changes  in  the  drainage  system  cause  active  channels  to  be  abandoned.  Abandoned  chan- 
nels are  initially  connected  to  bodies  of  water  along  the  glacier  margin.  Englacial  and  subglacial 
channels  become  the  new  active  conduits,  lowering  the  pre-existing  water-surface  elevation  which 
causes  the  older  active  channel  to  be  bypassed.  Initially,  some  of  these  abandoned  channels  carry 
flood  water,  but  are  eventually  abandoned  completely.  The  1909  and  1937  channels  along  the  east- 
ern margin  are  examples  of  abandoned  channels  (figs.  16  and  18).  Eventually  abandoned  channels 
are  perched  at  elevations  outside  of  any  current  flood  hazard  zone  (fig.  21). 


HYDROLOGIC  CONDITIONS      29 


Figure  22.  Channel  downcutting  near  east  lake/hole  4  resulting  from  the  1994  Hidden  Creek 
Lake  outburst  flood. 


Kennicott  River 
Source 

The  source  of  the  Kennicott  River  is  the  Kennicott  Glacier.  The  flow  regime  of  the  river  is 
modified  by  increasing  and  decreasing  snowmelt  and  icemelt,  rainfall,  lake  outbursts,  and  ground- 
water inflow. 

Outburst  water  from  Hidden  Creek  Lake  travels  along  undelineated  englacial  and  subglacial 
conduits  and  issues  from  numerous  locations  along  the  margin  of  Kennicott  Glacier.  During  out- 
bursts, water  boils  out  from  beneath  the  glacier  at  discrete  points.  The  "pothole,"  described  and 
photographed  in  the  early  1900's,  is  the  most  well-known  example  (fig.  20).  It  was  located  adjacent 
to  the  Copper  River  and  Northwestern  Railway  bridge  and  was  most  active  during  the  Hidden 
Creek  Lake  outbursts.  The  pothole  and  west  lake/hole  2  were  active  in  1909;  they  have  since 
remained  active,  but  have  migrated  2,000  ft  up-glacier,  and  are  likely  to  continue  migrating  up-gla- 
cier.  Migration  up-glacier  of  east  lake/hole  4,  and  west  lake/hole  2  could  result  in  the  capture  of 
other  active  channels  and  increase  the  hydraulic  efficiency  of  the  glacier's  internal  drainage  sys- 
tem. Shreve  (1972)  and  Hooke  (1989)  conclude  that  increased  hydraulic  efficiency  could  result  in 
sharper  and  higher  discharge  peaks. 
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Seven  discharge  sites  were  active  during  the  1994  and  1995  outbursts.  Large  volumes  of 
water  issued  from  the  glacier  at  east  lake/hole  6  (ELH6a,  6b,  fig.  18)  and  west  lake/hole  2  (WLH2, 
fig.  16)  during  the  1994  and  1995  outbursts.  Flood  water  in  1994  and  1995  traveled  through  and 
adjacent  to  the  karst  zone  along  the  eastern  side  and  adjacent  to  the  western  margin  of  the  Kennicott 
Glacier  from  west  lake/hole  3  (WLH3,  fig.  19). 

Stage  and  Streamf  low 

Gages  installed  on  the  West  and  East  Forks  Kennicott  River  used  a  common  datum  estab- 
lished by  GPS  surveying  techniques.  On  the  West  Fork  Kennicott  River,  seasonal  stage  and  stream- 
flow  data  were  obtained  from  1992  to  1995  using  the  methods  described  by  Rantz  and  others 
(1982).  River  stage  was  recorded  at  30-minute  intervals.  Crest-stage  gages  were  used  to  verify 
recorded  maximum  stage.  On  the  East  Fork  Kennicott  River,  staff  gages  and  a  crest-stage  gage 
were  read  daily  in  1991  and  periodically  from  1992  through  1995.  Frequency  of  staff-gage  read- 
ings increased  during  floods. 

Stage-discharge  relations  for  both  forks  were  developed  by  using  current-meter  discharge 
measurements  during  periods  of  low  flow  (Buchanan  and  Somers,  1969).  For  periods  of  medium 
to  high  flows,  the  relations  were  developed  by  using  slope-area  (Dalrymple  and  Benson,  1967; 
Fulford,  1994)  and  step-backwater  (Davidian,  1984;  Shearman  and  others,  1986;  Shearman, 
1990)  indirect  methods.  It  was  not  possible  to  measure  flood  water  discharge  directly  using  current 
meter  methods  because  of  safety  concerns. 

The  Alaska  Department  of  Transportation  and  Public  Facilities  (ADOT&PF)  provided  two 
topographic  maps  (1-foot  contour  interval)  of  the  transportation  corridor  (which  occupies  the  old 
Copper  River  and  Northwestern  Railway  bed)  and  tram  areas  on  the  East  and  West  Forks  Kennicott 
River.  The  first  map  was  based  on  a  May  1994  survey  made  before  the  Hidden  Creek  Lake  outburst 
flood,  and  the  second  was  based  on  an  October  1994  survey  made  after  the  outburst  flood.  Both 
ADOT&PF  surveys  used  an  arbitrary  vertical  datum.  Channel  cross-section  information  used  for 
indirect  discharge  measurements  on  the  West  Fork  Kennicott  River  was  derived  from  the 
ADOT&PF  maps  and  adjusted  to  the  USGS  1908  datum.  A  summary  of  datum  adjustments  are 
listed  in  appendix  2. 

Stage  hydrographs  (1992-95  water  years)  for  the  West  Fork  Kennicott  River  are  shown  in  fig- 
ure 23  (Schellekens  and  others,  1996).  Maximum  stage  and  corresponding  discharge  for  selected 
events  are  presented  in  table  4.  Combined  East  and  West  Fork  Kennicott  River  discharge  volumes 
from  Hidden  Creek  Lake  outburst  floods  averaged  2.1  billion  cubic  feet  (appendix  5). 

Annual  maximum  stages  for  the  1992-95  water  years  occurred  during  the  Hidden  Creek  Lake 
outburst  floods  (fig.  23,  table  4).  The  highest  stage  observed  during  this  study  was  1,353.16  ft  at 
the  West  Fork  Kennicott  River  gage  and  1,363.82  ft  at  the  East  Fork  Kennicott  River  gage.  Rises 
in  stage  from  Erie  Lake  outbursts  are  also  evident,  as  are  some  rainfall  events.  Sharp  peaks  attrib- 
uted to  englacial  or  subglacial  releases  (Johnson,  1990)  were  evident  during  the  summers  of  1992 
and  1993,  but  not  during  1994  or  1995.  Stage  rises  from  other  glacier-dammed  lake  failures, 
including  Donoho,  Gates,  Bonanza,  and  Jumbo  Lakes,  are  not  evident.  A  gradual,  but  noticeable 
rise  in  stage  on  the  West  Fork  Kennicott  River  is  evident  during  the  days  preceding  the  Hidden 
Creek  Lake  outburst  floods  (fig.  23).  The  rise  preceding  the  1994  flood  coincides  well  with  the 
observed  gradual  drop  in  lake  level  at  Hidden  Creek  Lake.  Friend  (1988)  noted  this  same  phenom- 
enon during  the  1986  outburst  flood. 
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Figure  23.  West  Fork  Kennicott  River  stage  and  explanation  for  peaks, 
June  through  September,  1992  to  1995. 
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Figure  23.  Continued. 
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Table  4.  Maximum  discharge  and  stage  for  selected  hydrologic  events  on  the  East  and  West 
Forks  Kennicott  River,  1991  to  1995  water-years 

[ft  /s,  cubic  feet  per  second;  — ,  unknown;  data  from  Schellekens  and  others,  1996] 


Hydrologic  event 

West  Fork 

East  Fork 

Date 

Discharge 
(ftVs) 

Stage 
(feet) 

Discharge 
(ft3/s) 

Stage 
(feet) 

August  4,  1991 

Hidden  Creek  Lake  outburst 

20,000 

1,352.22 

4,500 

1,363.82 

July  7,  1992 

Hidden  Creek  Lake  outburst 

23,200 

1,352.51 

3,820 

1,363.16 

July  17,  1992 

Englacial  or  subglacial  release 

10,900 

1,350.21 

— 

— 

July  25,  1992 

Englacial  or  subglacial  release 

11,100 

1,350.27 

— 

... 

June  6,  1993 

Englacial  or  subglacial  release 

10,200 

1,349.98 

— 

... 

July  6,  1993 

Hidden  Creek  Lake  outburst 

13,500 

1,350.87 

... 

... 

July  13,  1993 

Erie  Lake  outburst 

10,800 

1,350.18 

... 

... 

July  16,  1994 

Erie  Lake  outburst 

8,810 

1,349.52 

— 

— 

July  29,  1994 

Hidden  Creek  Lake  outburst 

28,000 

1,353.16 

3,900 

1,363.24 

August  7,  1994 

Rainfall 

11,200 

1,350.31 

... 

— 

July  11,  1995 

Warm;  glacier  melt 

9,550 

1,349.76 

... 

... 

July  23,  1995 

Hidden  Creek  Lake  outburst 

23,400 

1,352.54 

2,190 

1,361.42 

Historical  maximum  flood  stages  at  the  East  and  West  Forks  Kennicott  River  have  been 
higher  than  those  observed  during  this  study.  It  is  not  known  if  historical  flood  discharges  were 
larger  or  smaller  than  those  observed  during  this  study,  because  hydraulic  properties  have  not  been 
determined  for  historical  floods. 

River  Channel  Erosion,  Aggradation,  and  Channel  Migration 

The  lower  terraces  and  active  flood  plain  are  composed  of  alluvium  extending  from  the  Ken- 
nicott Glacier  terminus  to  the  confluence  with  the  Nizina  River  (MacKevett  and  Smith,  1972). 
These  deposits  consist  of  poorly  sorted  silt,  sand,  gravel,  cobble,  and  boulder-sized  material.  Gla- 
cial erratics  as  large  as  12  ft  in  diameter  are  common  in  the  alluvium.  An  alluvial  terrace  lies  on 
the  western  side  of  the  West  Fork  active  channel,  as  well  as  between  the  West  and  East  Forks  Ken- 
nicott River.  These  deposits  are  somewhat  protected  by  a  terminal  moraine  (fig.  16).  Channel  ero- 
sion, aggradation,  and  migration  occur  in  response  to  thinning  and  retreat  of  Kennicott  Glacier 
(figs.  16-19). 

A  profile  taken  along  the  Copper  River  and  Northwestern  Railway  bed  (fig.  24)  shows  the 
significant  channel  changes  that  have  occurred  between  1911,  when  the  railroad  survey  was  made, 
and  1994  when  the  ADOT&PF  surveys  were  made. 
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An  abandoned  channel  in  the  old  alluvium  terrace  approximately  0.5  mi  west  of  the  West 
Fork  Kennicott  River  (fig.  24)  was  active  in  1911  (Danliquist,  1921)  and  remained  active  through 
at  least  1937  (fig.  16).  It  is  now  perched  approximately  40  ft  above  the  active  channel  (fig.  21  A). 
The  West  Fork  Kennicott  River  currently  occupies  a  much  larger  channel  than  the  1911  channel 
(fig.  24).  The  current  channel  has  downcut  nearly  20  ft  and  has  migrated  to  the  east.  The  East  Fork 
Kennicott  River  currently  occupies  a  much  smaller  channel  than  the  191 1  channel  and  has  migrated 
to  the  west.  The  East  Fork  Kennicott  River  main  channel  is  well  armored  with  boulders  and  has  a 
smaller  bed  slope  (0.004  ft/ft),  making  it  more  stable  than  the  west  channel,  which  consists  of  finer 
material  and  a  steeper  bed  slope  (0.012  ft/ft). 

A  capture  channel  between  the  East  and  West  Forks  Kennicott  River  formed  during  1988 
immediately  upstream  from  the  terminal  moraine  as  the  old  ice  under  the  glacier  terminus  melted, 
exposing  the  west-sloping  subglacial  terrain.  This  capture  channel  has  captured  progressively 
larger  percentages  of  flow  from  the  East  Fork  and  added  it  to  the  West  Fork  each  year  during  this 
study  (table  5).  The  West  Fork  Kennicott  River  carried  68  percent  of  the  total  peak  discharge  in 
1986  (prior  to  the  formation  of  the  capture  channel)  and  91  percent  in  1995.  During  the  summer  of 
1995,  the  East  Fork  Kennicott  River  was  dry  except  during  the  Hidden  Creek  Lake  outburst  flood. 
This  trend  is  likely  to  continue  as  the  capture  channel  becomes  more  incised,  eventually  concen- 
trating the  entire  Kennicott  River  flow  into  the  West  Fork. 

Table  5.  Discharge  for  selected  outburst  floods  and  percentage  of  total  discharge  for  the 
East  and  West  Forks  Kennicott  River 


Date 

Outburst  flood  maximum  discharge 
(cubic  feet  per  second) 

Percentage  of  total  discharge 

West  Fork 

East  Fork 

Combined 

West  Fork 

East  Fork 

August  6, 19861 

12,100 

5,600 

17,700 

68 

32 

August  4,  1991 

20,000 

4,500 

24,500 

82 

18 

July  7,  1992 

23,200 

3,820 

27,000 

86 

14 

July  29,  1994 

28,000 

3,900 

31,900 

88 

12 

July  23,  1995 

23,400 

2,190 

25,600 

91 

9 

'Data  from  Friend  (1988) 

An  abrupt  channel  change  was  observed  on  the  West  Fork  Kennicott  River  during  the  1994 
Hidden  Creek  Lake  outburst  flood  (Edward  LaChapelle,  Randy  Elliot,  oral  commun.,  1994).  Flow 
concentrated  in  the  center  of  the  channel  upstream  from  the  tram  suddenly  shifted  toward  the  right 
bank.  This  sudden  channel  change  was  also  noted  on  the  stage  record  of  the  USGS  gage.  Plots  of 
four  cross  sections  (fig.  25)  were  made  using  the  pre-  and  post  Hidden  Creek  Lake  outburst  flood 
survey  data  from  the  ADOT&PF.  The  cross  sections  show  that  upstream  from  the  tram,  the  thal- 
weg moved  toward  the  right  bank  and  scoured  approximately  6  ft;  downstream  from  the  tram,  it 
moved  more  toward  the  center  and  filled  approximately  5  ft  (fig.  25).  The  right  bank  was  severely 
scoured  at  all  four  cross  sections.  Cross-section  locations  are  shown  on  figure  26. 

The  presence  of  aufeis  in  rivers  can  increase  channel  and  bank  erosion  (Slaughter,  1990,  p. 
449).  Aufeis  formation  is  greatest  during  years  when  snowpack  is  low  early  in  the  winter  (Johnson 
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Figure  25.  Pre-  and  post  flood  channel  cross  sections  on  the  West  Fork  Kennicott  River, 
Hidden  Creek  Lake  outburst  flood  of  July  29,  1994  (see  figure  26  for  cross-section  locations). 
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Figure  25.  Continued. 
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Figure  26.  Kennicott  Glacier  terminus  and  Kennicott  River  at  McCarthy,  Alaska,  June  14,  1994. 
(Aerial  photograph  from  Aeromap.) 
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and  Esch,  1977).  No  obvious  correlation  exists  between  aufeis  and  the  rainfall  of  the  previous  sum- 
mer or  between  aufeis  and  the  winter  severity  as  measured  by  cumulative  freezing  degree-days 
(Ashton,  1986,  p.  300). 

Snowpack  in  much  of  the  Copper  River  Basin — which  includes  the  Kennicott  River  Basin — 
was  near  record  low  water  content  as  of  February  1,  1996  (Natural  Resources  Conservation  Ser- 
vice, 1996).  A  6-  to  8-foot-thick  layer  of  aufeis  formed  during  the  1995-96  winter  in  the  West  Fork 
Kennicott  River.  It  extended  from  west  lake/hole  2  (which  issues  water  throughout  the  winter)  to 
cross-section  4  downstream  from  the  tram  (fig.  26).  Stream  water  was  forced  into  the  west  overflow 
channels  throughout  the  winter.  Overflow  channel  erosion,  however,  was  slight. 

HYDROLOGIC  HAZARDS 

The  Kennicott  River  Basin  is  prone  to  several  natural  hydrologic  hazards  including  flooding 
from  snowmelt  or  rainfall,  glacier-dammed  lake  outburst  flooding,  stream  erosion  and  sediment 
aggradation,  and  aufeis. 

Flood  Characteristics,  1991  to  1995 

Numerous  outburst  floods,  englacial  or  subglacial  releases,  and  rainfall  events  (fig.  23)  were 
recorded  or  observed  at  the  West  Fork  Kennicott  River  stream-gaging  station.  Selected  flood  peak 
characteristics  are  presented  in  table  6. 

The  largest  floods  are  caused  by  rapid  draining  of  Hidden  Creek  Lake.  The  lower  parking 
area  and  a  small  overflow  channel  west  of  the  main  West  Fork  Kennicott  River  channel  conveyed 
some  flow  during  the  1994  and  1995  Hidden  Creek  Lake  floods.The  data  in  table  6  show  a  notice- 
able gradual  rise  in  river  stage  in  the  days  prior  to  the  Hidden  Creek  Lake  outburst.  This  gradual 
rise  ranged  from  2  days  in  1995  to  6  days  in  1994.  Analysis  of  stage  hydrographs  (fig.  23)  shows 
other  periods  in  which  gradual  stage  rise  occurred;  therefore,  a  gradual  stage  rise  is  not  an  indepen- 
dent predictor  of  outburst  floods.  However,  the  stage  of  Hidden  Creek  Lake  gradually  declines  a 
few  days  before  the  outburst.  These  observations  used  together  may  be  a  good  tool  to  indicate 
imminent  flood  danger.  Gradual  stage  rise,  ranging  from  0.5  to  3  days,  in  the  West  Fork  Kennicott 
River  also  occurred  immediately  prior  to  Erie  Lake  outburst  floods.  Numerous  "spike"  peaks  (less 
than  6  hours  duration),  probably  caused  by  englacial  or  subglacial  releases,  occurred  during  1992 
and  1993.  There  were  few  or  no  gradual  changes  in  stage  prior  to  these  releases. 

The  summary  below  shows  that  the  duration  of  floods  from  the  Hidden  Creek  Lake  outburst 
is  not  directly  dependent  on  the  magnitude  of  the  peak  discharge,  but  controlled  by  the  internal 
drainage  of  Kennicott  Glacier: 


Maximum  discharge  Duration  of 

Date  West  Fork  Kennicott  River  flood 

(cubic  feet  per  second)  (hours) 


7-7-92 

23,200 

42 

7-6-93 

13,500 

47 

7-29-94 

28,800 

44 
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Table  6.  Selected  flood  peak  characteristics  for  the  West  Fork  Kennicott  River,  1991-95 


Hydrologic  event 

Date  of  peak 

Number  of  days 
of  gradual 
stage  rise1 

Duration  of 

main  peak 

(hours) 

Maximum  rate 

of  rise 
(feet  per  hour) 

Change  in  stage 

from  base 

to  peak 

(feet) 

Spike  peak 

June  1,  1991 

0 

5 

0.5 

1.1 

Outburst,  Erie  Lake 

June  23,  1992 

2 

Unknown 

Unknown 

Unknown 

Spike  peak 

July  1,  1992 

0 

3 

0.3 

0.3 

Outburst,  Hidden  Creek  Lake 

July  7,  1992 

4.5 

42 

0.2 

3.0 

2 

Spike  peak 

July  17,  1992 

0 

1 

7.2 

1.2 

2 

Spike  peak 

July  25,  1992 

1 

1.5 

7.2 

1.4 

2 

Spike  peak 

Aug.  15,  1992 

0 

3 

5 

1.0 

2 

Spike  peak 

June  6,  1993 

0 

1.5 

0.8 

0.8 

2 

Spike  peak 

June  9,  1993 

0 

1 

0.7 

0.4 

Outburst,  Hidden  Creek  Lake 

July  6,  1993 

4 

47 

0.2 

1.4 

Outburst,  Erie  Lake 

July  13,  1993 

1 

30 

0.7 

0.6 

Rainfall 

Sept.  3,  1993 

4 

140 

0.03 

0.8 

Outburst,  Erie  Lake 

July  16,  1994 

3 

15 

0.05 

0.5 

Outburst,  Hidden  Creek  Lake 

July  29,  1994 

6 

44 

0.8 

4.4 

Rainfall 

Aug.  7,  1994 

Undefined 

160 

0.1 

1.5 

Outburst,  Hidden  Creek  Lake 

July  23,  1995 

2 

43 

0.4 

3.4 

Outburst,  Erie  Lake 

Aug.  3,  1995 

0.5 

36 

0.04 

0.4 

Rainfall 

Sept.  23,  1995 

0.7 

50 

0.13 

1.0 

1  Prior  to  rapid  stage  rise 
The  short  duration  (less  than  6  hours)  spike  peaks  are  probably  caused  by  englacial  or  subglacial  release 


Durations  of  Erie  Lake  floods  were  highly  variable,  suggesting  that  the  rate  of  lake  draining 
is  highly  variable.  Durations  of  spike  peaks  ranged  from  1  to  5  hours.  Durations  of  rainfall  peaks 
were  long  (50  to  160  hours)  compared  with  other  events,  probably  because  of  long  rainfall  dura- 
tions, and  travel  time  of  water  from  various  points  in  the  Kennicott  basin. 

The  maximum  rate  of  rise  occurred  with  the  spike  peaks.  The  overall  stage  rise  was  small  (0.3 
to  1.4  ft),  but  sufficient  to  cause  flooding  in  the  lower  parking  area.  However,  the  rise  occurred  so 
quickly  and  unpredictably  that  no  flood  warning  might  have  been  possible.  Rate  of  rise  for  Hidden 
Creek  Lake  and  Erie  Lake  outburst  floods  and  rainfall  events  were  more  gradual,  allowing  more 
time  to  evacuate  flood-prone  areas.  No  changes  in  stage  from  spike  peaks  were  observed  on  the 
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East  Fork  Kennicott  River;  however,  spike  peaks  may  have  occurred  that  were  not  witnessed.  Peak 
stages  for  the  East  Fork  Kennicott  River  also  occurred  during  Hidden  Creek  Lake  outburst  floods. 
Not  enough  data  are  available  to  determine  whether  a  gradual  rise  in  stage  occurred  before  these 
floods.  If  the  West  Fork  Kennicott  River  continues  to  carry  a  large  percentage  of  the  flow  from  Ken- 
nicott Glacier,  it  will  be  unlikely  that  gradual  stage  rises  will  occur  on  the  East  Fork  Kennicott 
River.  The  East  Fork  will  probably  remain  dry,  or  nearly  dry  immediately  prior  to  the  flood. 

Potential  Flood  Magnitudes 

The  magnitudes  of  future  floods  in  the  Kennicott  River  may  be  significantly  greater  than 
those  observed  in  1986  (Friend,  1988)  and  from  1991  through  1995.  If  Erie  Lake  and  Hidden  Creek 
Lake  drain  simultaneously,  the  flood  peak  could  be  larger  than  those  observed  during  this  study 
period.  A  worst-case  scenario  would  be  simultaneous  draining  of  Hidden  Creek  and  Erie  Lake  cou- 
pled with  a  large  rainfall.  Potential  flood  magnitude  for  the  combined  flow  of  both  forks  of  the  Ken- 
nicott River  can  be  estimated  using  existing  discharge  data  for  the  Hidden  Creek  and  Erie  Lake 
outburst  floods,  and  large  regional  floods  estimated  using  regional  flood-frequency  equations 
(Jones  and  Fahl,  1994). 

The  recurrence  interval  is  the  average  number  of  years  within  which  a  flood  of  a  given  mag- 
nitude will  be  equaled  or  exceeded.  The  frequency  of  a  flood  may  also  be  stated  in  terms  of  prob- 
ability of  occurrence,  which  for  large  floods  is  the  reciprocal  of  the  recurrence  interval.  For 
example,  a  flood  with  a  50-year  recurrence  interval  (Q50)  would  have  a  probability  of  0.02  or  a  2 
percent  chance  of  being  exceeded  in  any  given  year.  The  following  flood-frequency  equations  were 
used  to  calculate  the  regional  flood  component.  These  equations,  developed  by  Jones  and  Fahl 
(1994),  used  a  regional  multiple  regression  analysis  of  109  peak-flow  stations  located  over  much 
of  interior  Alaska.  They  did  not  include  a  glacier  component;  however,  many  of  the  sites  used  to 
develop  the  equations  were  located  in  glaciated  basins. 

Q50  =  i47A0-778P0-544(ST+l)-0187E-0-264 

Q100  =  185A0-765P°-509(ST+1)-0179E-0-257 

Q200  =  224A0-754P°-480(ST+1)-0171E-0-252 

Q500  =  275A°-742P°-451(ST+1)-0-160  E  -°245 

where  A  is  the  drainage  area  in  square  miles  (352  mi   for  combined  East  and  West  Forks); 

P  is  mean  annual  precipitation,  in  inches  (75  in.  for  the  Kennicott  basin;  Jones  and  Fahl, 
1994); 

ST  is  the  area  of  lakes  in  ponds,  in  percent  (less  than  1  percent  for  the  Kennicott  basin);  and 

E  is  the  mean  basin  elevation,  in  feet  (NGVD  of  1929)  (5,170  ft  for  the  Kennicott  basin). 

The  calculated  combined  peak  discharges  for  the  East  and  West  Forks  Kennicott  River  at  var- 
ious recurrence  intervals,  as  well  as  the  range  of  standard  error  of  prediction  are  listed  in  table  7. 
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Table  7.  Flood  magnitude  at  50-,  100-,  200-  and  500- 
year  recurrence  intervals,  and  corresponding  range  of 
standard  error  of  prediction. 


^regional 
Recurrence  interval      Flood  discharge  from 
(years)  regression  equations 

(cubic  feet  per  second) 


Qso 

Qioo 
Q200 
Q500 


15,400 
16,400 
17,200 
18,400 


Range  of  standard 

error  of  prediction 

(percent) 

-42  to  70 
-44  to  80 
-47  to  87 
-49  to  98 


The  difference  between  the  calculated  values  for  Q5q  and  Q5qo  is  only  3,000  ft  /s.  Addition- 
ally, there  is  unquantifiable  uncertainty  in  the  magnitude  of  the  lake  outburst  discharges  and  the 
gage  stage-discharge  rating  error.  The  step-backwater  model  assumes  a  stable  channel,  which  is  not 
the  case  for  the  Kennicott  River  channel.  Because  of  these  uncertainties,  a  large  regional  flood  of 
18,000  ft3/s  was  assumed  for  assessing  hazard  potential. 

The  combined  discharge  (Qc)  from  the  Hidden  Creek  and  Erie  Lake  outbursts,  and  a  large 
regional  flood  is  estimated  as  follows: 

^<c  —  >£hcl  -  baseflow  "*"  *<el  -  baseflow  +  ^regional 

where  QhcJ .  baseflow    1S  me  maximum  observed  discharge  peak  from  the  Hidden  Creek  Lake  out- 
burst floods  minus  the  baseflow  (both  forks  combined); 

Qel  -  baseflow     *s  me  maximum  observed  discharge  peak  from  the  Erie  Lake  outburst  floods 
minus  baseflow  (both  forks  combined);  and 

Qregional  *s  a  large  regional  flood  estimated  using  regression  equations. 

The  baseflow  component  of  the  Hidden  Creek  Lake  and  Erie  Lake  outburst  floods  must  be 
subtracted  out  because  Qregionai  already  includes  the  baseflow  component  for  both  East  and  West 
Fork  Kennicott  River.  Qc  was  determined  by  using  the  maximum  flood  discharge  data  from  tables 
5  and  7,  and  baseflow  calculated  from  a  hydrograph  separation  method  that  projects  pre-peak  base- 
flow  across  to  the  recession  limb  of  the  hydrograph  at  N  days  from  the  peak,  where  N  =  A02  and 
A  is  the  drainage  area  in  square  miles  (Dunne  and  Leopold,  1978,  p.  288).  Baseflows  used  in  this 
calculation  were  7,000  ft3/s  for  the  Erie  Lake  flood,  and  5,400  ft  /s  for  the  Hidden  Creek  Lake 
flood. 

Qc  =  31,900  ft3/s  (Qhcl  July  29,  1994)  -  5,400  ft3/s  (baseflow)  +  10,800  ft3/s  (Qel,  July  13,  1993) 
-  7,000  ft3/s  (baseflow)  +  18,000  ft3/s  (Qregionai)  =  48300  ft3/s. 
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Hazard  Potentials 

If  the  West  Fork  Kennicott  River  captures  all  the  flow  from  the  East  Fork  Kennicott  River — as 
the  present  trend  suggests  will  happen —  the  potential  peak  stage  for  combined  Hidden  Creek  Lake 
and  Erie  Lake  outbursts  and  regional  floods  can  be  estimated  for  the  present  channel  geometry  using 
step-backwater  calculations  (Shearman  and  others,  1986).  Using  an  assumed  combined  discharge  of 
48,300  ft3/s,  maximum  stage  was  calculated  at  four  cross  sections  on  the  West  Fork:  two  upstream 
from  the  tram,  and  two  downstream  (figs.  26  and  27). 

Peak  stages  for  the  1994  Hidden  Creek  Lake  outburst  flood  are  also  plotted  in  figure  27.  The 

1994  flood  was  at  bankfull  stage  for  the  main  channel,  with  a  minor  quantity  of  overflow  into  the 
west  overflow  channel.  A  flood  of  48,300  ft3/s  would  cause  sufficient  flow  in  the  west  overflow  chan- 
nel to  block  access  to  or  from  the  lower  parking  area  (fig.  26).  The  area  on  the  West  Fork  Kennicott 
River  that  would  be  submerged  during  the  peak  is  shown  in  figure  26.  If  east  lake/hole  4  and  west 
lake/hole  2  continue  to  migrate  up-glacier,  sharper  and  higher  discharge  peaks  may  occur  because  of 
more  efficient  internal  glacial  drainage. 

It  is  assumed  that  the  East  Fork  Kennicott  River  as  shown  in  figure  26  will  continue  to  convey 
flood  water  in  the  near  future.  This  hazard  will  diminish  if  the  present  trend  of  flow  capture  by  the 
West  Fork  Kennicott  River  continues.  The  parts  of  the  glacier  terminus  delineated  as  "flood  hazard 
areas"  are  based  on  cross-section  surveys  and  peak-flow  observations  made  during  the  1994  and 

1995  outburst  floods  and  on  the  boundary  of  the  maximum  evident  outburst  flood  (Jones  and  Glass, 
1993). 

It  is  likely  that  the  channel  of  the  West  Fork  Kennicott  River  will  continue  to  be  unstable;  this 
channel  has  been  downcutting  (fig.  24;  fig.  25,  cross  sections  1  and  2).  It  is  neither  possible  to  predict 
if  this  trend  will  continue  nor  possible  to  determine  if  the  channel  will  aggrade  during  flood-peak 
recessions.  The  tremendous  volume  of  alluvial  material  on  the  lower  part  of  Kennicott  Glacier  could 
cause  channel  aggradation.  If  this  occurs,  a  larger  area  would  be  inundated  and  lateral  migration  of 
the  channel  might  occur. 

Lateral  channel  migration  has  occurred  in  the  past  (figs.  16  and  17),  in  response  to  thinning  and 
retreat  of  the  Kennicott  Glacier  terminus,  and  will  likely  continue  in  the  future.  Geomorphic  evolu- 
tion of  the  glacier  and  observations  made  in  1994  and  1995  suggest  that  the  following  scenario  is 
likely  to  occur  in  the  terminus  outwash  region  (fig.  28). 

Channels  along  the  eastern  margin  of  Kennicott  Glacier  will  migrate  westward.  This  migration 
may  occur  in  a  series  of  small  steps  or  catastrophically  during  a  flood.  Future  channel  positions  are 
depicted  at  times  arbitrarily  labeled  "Tl,  T2,  T3,  and  T4"  (fig.  28).  Tl  through  T3  are  considered 
"probable"  based  on  flow  pattern  observations  made  between  1991  and  1995.  T4  is  considered  "pos- 
sible," but  depends  on  exact  changes  depicted  with  Tl  through  T3.  The  speed  at  which  these  changes 
occur  depends  on  the  magnitude  of  the  outburst  flood  and  on  climatological  conditions.  At  time  Tl, 
the  channel  position  is  expected  to  be  approximately  half  way  to  the  current  confluence  area.  This 
will  be  followed  by  T2  and  T3  channel  positions  farther  to  the  west. 

Water  along  the  western  margin  of  Kennicott  Glacier  is  expected  to  bypass  the  existing  channel 
and  jump  towards  the  center  (time  T2)  of  the  valley.  When  this  occurs,  water  issuing  from  west 
lake/hole  3  (fig.  19)  will  join  with  and  pass  directly  through  the  west  lake/hole  2  area  (fig.  29).  Even- 
tually, all  channels  will  merge  to  T4,  and  the  confluence  will  migrate  up-glacier.  Changes  in  the  gla- 
cier and  outwash  area  will  result  in  continued  channel  migration  in  the  transportation  corridor. 
Changes  in  englacial  or  subglacial  drainage  may  cause  glacier-dammed  lakes  to  drain  more  rapidly, 
which  would  result  in  sharper,  higher  flood  peaks  (Shreve,  1972;  Hooke,  1989). 
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Figure  29.  Kennicott  Glacier  terminus,  July  23,  1995.  (View  is  to  southeast.) 

Aufeis  formation  may  block  normal  drainage  channels  and  force  water  into  alternate  chan- 
nels, such  as  the  western  overflow  channels  (fig.  26),  causing  erosion  and  channel  migration.  Large 
aufeis  deposits  may  encroach  on  the  lower  parking  areas  and  damage  structures.  If  aufeis  deposits 
move  during  breakup,  the  extra  thickness  can  impose  large  ice  loads  on  bridge  piers  (Ashton,  1986, 
p.  301). 

FUTURE  STUDIES 

The  largest  floods  will  probably  continue  to  be  those  caused  by  draining  of  Hidden  Creek 
Lake,  or  by  the  combined  draining  of  this  lake  and  Erie  Lake,  and  rainfall.  Channel  erosion,  aggra- 
dation, and  migration  are  also  a  hazard.  The  following  efforts  may  aid  in  monitoring  pre-flood  con- 
ditions, and  help  predict  future  channel  changes. 

1.  Periodic  surveying  of  the  geomorphic  profiles  (fig.  21)  across  the  Kennicott  Glacier  terminus 
and  the  East  and  West  Forks  Kennicott  River  to  monitor  changes  would  help  to  predict  future 
channel  migration  and  flood  hazards. 

2.  Mapping  the  underlying  landforms  of  Kennicott  Glacier  from  Hidden  Creek  Lake  across  to  Erie 
Lake  and  down  to  the  glacier  terminus  using  ice-penetrating  radar  would  provide  valuable 
insight  concerning  future  channel  migration  and  possible  changes  of  locations  where  flow  issues 
from  Kennicott  Glacier. 
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3.  Installing  recording  stream-gaging  stations  with  satellite  telemetry  on  the  East  and  West  Forks 
Kennicott  River  would  provide  near  real-time  river  stage  data,  which  could  be  used  to  predict 
and  monitor  floods.  Making  periodic  discharge  measurements  would  verify  and  update  the 
stage-discharge  relationships,  aid  in  determining  flood  magnitudes,  verify  flood-water  capture 
by  the  West  Fork,  and  monitor  channel  changes. 

4.  Monitoring  Hidden  Creek  Lake  could  determine  when  the  lake  is  beginning  to  drain.  Indicators 
of  imminent  outburst  flooding  are  (a)  stationary  or  declining  lake  stage,  (b)  large  ice  blocks 
actively  calving  off  the  ice-dam  front,  (c)  formation  of  a  clean  ice  washline  along  the  ice-dam 
front  or  margin,  (d)  presence  of  rafted  slush  ice  and  small  icebergs  on  the  lakeshore,  and  (e)  ice- 
dam  fractures  and  escarpments.  Identifying  physical  features  at  the  3,000-foot  elevation  level 
along  the  lakeshore  that  are  easily  seen  from  low-flying  aircraft  would  help  predict  outbursts. 
Documenting  the  dates  of  the  annual  Hidden  Creek  Lake  outbursts  would  help  bracket  timing 
of  outbursts. 

5.  Measuring  peak  lake  stage  annually  from  existing  control  at  Hidden  Creek  Lake  would  docu- 
ment changes  over  time. 

6.  Developing  a  relation  between  maximum  stage  at  Hidden  Creek  Lake  and  total  outburst  flood 
volume  would  help  assess  flood  hazard  potential. 

SUMMARY 

Knowledge  of  hydrologic  conditions  and  hazards  is  necessary  for  evaluating  proposed  activ- 
ities in  the  Kennicott  River  Basin.  Hydrologic  hazards  include  rainfall-induced  floods;  glacier- 
dammed  lake  outburst  floods;  channel  erosion,  aggradation,  and  migration;  and  aufeis  formation. 
Draining  of  ice-dammed  lakes  causes  the  largest  floods  in  the  Kennicott  basin. 

Hidden  Creek  Lake  is  the  largest  glacier-dammed  lake  in  the  basin,  and  drains  on  an  annual 
basis.  The  maximum  annual  lake  level  is  declining  with  time,  and  outburst  floods  in  recent  years 
have  been  occurring  at  earlier  dates  than  previously  documented.  The  decline  in  maximum  lake 
level  does  not  necessarily  mean  that  maximum  lake  volume  is  decreasing.  Annual  lake  volumes 
remain  unquantified  because  of  changes  in  the  following:  ice-dam  position,  percentage  of  icebergs, 
volume  of  water  underlying  the  glacier  between  the  ice  margin  and  ice  dam,  and  lake  basin  mor- 
phology. The  following  indicators  can  be  used  to  forecast  imminent  draining  of  Hidden  Creek 
Lake:  lake  stage  near  or  above  the  level  of  recent  maximum  stages,  stationary  or  declining  lake 
stage,  evidence  of  recent  calving  of  large  ice  blocks  from  the  ice  margin,  formation  of  a  "clean  ice" 
washline  along  the  ice  margin,  slush  ice  and  small  icebergs  stranded  on  the  lakeshore,  and  fresh 
fractures  and  escarpments  in  the  ice  margin  region. 

Other  glacier-dammed  lakes  in  the  Kennicott  River  Basin  are  Erie,  Donoho,  Gates,  Jumbo, 
and  Bonanza.  Outburst  floods  from  Erie  Lake — but  not  from  the  other  lakes — are  evident  in  hydro- 
graphs  of  the  Kennicott  River.  Outburst  flood  water  from  Hidden  Creek  Lake  refills  Donoho  and 
Jumbo  Lakes  indicating  a  complex  englacial  and  subglacial  drainage  system. 

The  most  recent  maximum  advance  of  Kennicott  Glacier  occurred  about  1 860.  The  glacier 
terminus  has  retreated  2,000  ft  since  1909,  and  the  active  stream  channel/ice  margin  has  dropped 
more  than  70  ft.  As  the  glacier  thins  and  retreats,  a  recurring  succession — karst,  pond,  active  chan- 
nel, and  abandoned  channel — occurs.  This  succession  is  most  obvious  along  the  southeast  margin 
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where  the  retreat  has  been  most  extensive.  Recognizing  these  four  stages  in  this  evolutionary 
sequence  provides  a  tool  for  predicting  future  drainage  patterns  and  assessing  potential  flood  haz- 
ards. 

Water  issues  from  Kennicott  Glacier  at  several  points  and  forms  two  main  river  channels:  the 
West  and  East  Forks  Kennicott  River.  Historical  data  indicate  that  outburst  floods  from  Hidden 
Creek  Lake  are  larger  than  rainfall-induced  floods  or  floods  from  other  glacier-dammed  lake  out- 
bursts. The  West  and  East  Forks  Kennicott  River  channels  are  prone  to  erosion,  aggradation,  and 
migration.  The  most  significant  channel  changes  occur  during  the  Hidden  Creek  Lake  outburst 
floods.  The  West  Fork  Kennicott  River  has  downcut  20  ft  at  the  railroad  grade  since  1911,  and  is 
much  larger  today  than  it  was  in  19 1 1 .  The  East  Fork  Kennicott  River  has  migrated  westward,  leav- 
ing behind  abandoned  channels,  and  now  carries  less  flow  than  it  has  historically.  A  capture  chan- 
nel diverts  water  from  the  East  Fork  Kennicott  River  to  the  West  Fork  Kennicott  River.  The  West 
Fork  carries  a  larger  percentage  of  flood  flow  each  year.  If  this  trend  continues,  the  East  Fork  chan- 
nel will  eventually  be  abandoned. 

River  stage  was  observed  to  gradually  rise  beginning  4  to  6  days  prior  to  the  Hidden  Creek 
Lake  outburst  floods.  This  observation  coupled  with  evidence  of  slow  draining  of  Hidden  Creek 
Lake  may  be  useful  as  a  warning  tool.  Englacial  and  subglacial  releases  caused  the  most  rapid  stage 
rises  in  the  Kennicott  River;  the  overall  changes  in  stage  are  small,  but  occurred  rapidly. 

■a 

A  potential  flood  magnitude  of  48,300  ft  /s  was  estimated  by  combining  known  maximum 
discharges  from  Hidden  Creek  and  Erie  Lake  outburst  floods  with  a  large  regional  flood.  The  flood 
hazard  zone  in  the  transportation  corridor  was  delineated  using  channel  geometry  surveyed  in 
October  1994.  Channel  erosion  or  aggradation  may  increase  or  decrease  the  size  of  the  flood  hazard 
zone. 

As  Kennicott  Glacier  continues  to  thin  and  retreat,  the  inner  glacier  drainage  may  become 
more  efficient,  possibly  leading  to  sharper  and  higher  flood  peaks.  Aufeis  formation  may  cause 
channel  and  bank  erosion  and  may  damage  bridge  piers  and  structures  near  the  Kennicott  River. 
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GLOSSARY 

Ablation.  The  combined  processes  of  melt,  runoff,and  evaporation  by  which  a  glacier  loses  mass. 

Alluvium.  A  general  term  for  all  detrital  deposits  resulting  from  the  operations  of  river,  including 
sediments  laid  down  in  riverbeds,  flood  plains,  fans,  and  at  the  foot  of  mountains. 

Arcuate.  Bent  or  curved  in  the  form  of  a  bow. 

Aufeis.  A  mass  of  ice  that  forms  by  overflow  and  subsequent  freezing  of  sheets  of  surface  water 
or  emerging  ground  water. 

Bankfull  stage.  The  stage  at  which  the  channel  just  begins  to  overflow  the  flood  plain  (Hedman 
and  Osterkamp,  1982,  p.  4).  The  reference  level  for  this  section  (bankfull  stage)  is  variously 
defined  by  breaks  in  bank  slope,  by  the  edges  of  the  flood  plain,  or  the  lower  limits  of  perma- 
nent vegetation. 

Dacite.  A  fine-grained  extrusive  rock. 

Dropstone.  An  oversized  stone  in  laminated  sediment  that  depresses  the  underlying  laminae  and 
may  be  covered  by  "draped"  laminae.  Most  dropstones  originate  through  ice-rafting. 

En  echelon.  In  an  overlapping  or  staggered  arrangement. 

Englacial.  Within  glacier  ice. 
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Glacial  erratic.  A  rock  fragment  carried  by  a  glacier  and  deposited  at  some  distance  from  the  out- 
crop from  which  it  was  derived. 

Karst.  As  used  in  this  report,  karst  refers  to  the  portion  of  glaciers  characterized  by  closed  depres- 
sions, sinkholes,  caves,  and  under-glacier  drainage. 

Lake/hole.  As  used  in  this  report,  lake/hole  refers  to  a  point  where  water  issues  from  the  glacier 
margin,  or  at  one  time  did  issue,  from  the  glacier.  When  occupied  with  water,  a  lake  is  formed; 
when  drained,  a  dry  hole  is  left. 

Moraine.  Drift  deposited  chiefly  by  direct  glacial  action  and  having  constructional  topography 
independent  of  control  by  the  surface  on  which  the  drift  lies. 

Outburst  flood.  A  sudden,  often  annual,  outburst  of  water  from  a  glacier  or  glacier-dammed  lake, 
sometimes  resulting  in  a  catastrophic  flood. 

Plastic  deformation.  Permanent  deformation  of  the  shape  or  volume  of  a  substance,  without  rup- 
ture. 

Pothole.  As  used  in  this  report,  pothole  refers  to  the  historical  main  point  of  issue  for  outburst  flood 
water.  Water  "boiled  out  of  these  holes  during  outburst  flooding,"  according  to  historical 
records. 

Sinkhole.  As  used  in  this  report,  a  circular  depression,  commonly  funnel  shaped,  on  the  karst  por- 
tion of  the  glacier.  Drainage  is  englacial  or  subglacial. 

Slope-area  method.  Method  for  computing  water  discharge  using  Manning  equation  for  condi- 
tions of  uniform  flow  in  which  the  water-surface  profile  and  energy  gradient  are  parallel  to  the 
streambed,  and  the  area,  hydraulic  radius,  and  depth  remain  constant  throughout  the  reach. 

Step-backwater  method.  Method  for  computing  water-surface  profiles  using  the  energy  equation 
in  a  series  of  subreaches  for  conditions  of  steady  uniform  flow  in  which  the  flow  at  both  end 
cross  sections  is  either  all  supercritical  or  all  subcritical,  the  slope  is  small  enough  so  that  nor- 
mal depth  can  be  considered  to  be  vertical  depth,  and  the  water  surface  across  the  cross  section 
is  level. 

Strandline.  Horizontal  terrace,  formed  by  wave  action,  that  marks  previous  lake  stages. 

Subglacial.  Beneath  glacier  ice. 

Supraglacial.  On  the  glacier  surface. 

Thalweg.  Line  joining  the  deepest  points  of  a  stream  channel. 

Trim  line.  Line  marking  the  former  margin  of  a  glacier. 
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Summary  of  historical  data  and  references  for  Hidden  Creek  Lake 
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Location  and  description  of  survey  monuments 


A2 


SURVEY  DATUMS 

A  common  datum  was  established  throughout  the  basin.  Horizontal  control  was  established 
using  the  North  American  Datum  of  1927.  All  elevation  data  presented  in  this  report  are  referenced 
to  U.S.  Geological  Survey  monument  "K,"  elevation  stamped  1,414  ft,  1908.  This  monument  is 
located  on  the  east  side  of  McCarthy.  Global  position  satellite  and  total  station  survey  techniques 
were  used  to  establish  vertical  datum  at  Hidden  Creek  Lake,  the  Kennicott  Glacier  terminus  area, 
and  the  Kennicott  River.  Survey  monuments  established  at  Hidden  Creek  Lake  and  Kennicott 
River  are  described  below.  Vertical  datums  used  by  the  Alaska  Department  of  Transportation  and 
Public  Facilities  (ADOT&PF)(1994),  and  the  University  of  Alaska  (1995)  were  different  from  the 
datum  used  for  this  report. 


Kennicott  and  Hidden  Creek  Lake  Survey  Monuments 


Monument  name 

Monument  description 

K 

Base.  USGS  benchmark  K,  est.  1908,  elev.  given  at  1414  ft  (430.99 
meters),  located  in  the  town  of  McCarthy,  Alaska 

KENW 

Wooden  stake  located  on  the  right  bank  West  Fork  Kennicott  River 
60  ft  southwest  from  tram  concrete  platform.  Established  September 
17,  1991. 

KENE 

Wooden  stake  located  on  centerline  of  old  rail  bed,  on  right  bank 
approximately  100  ft  south  from  road.  Established  May  31,  1991. 

AIR1 

Temporary  reference  mark  used  to  run  GPS  survey  to  Hidden  Creek 
Lake.  Temporary  due  to  airport  construction. 

HID1,2,  and  3 

Established  at  Hidden  Creek  valley  airstrip  to  determine  elevation 
via  GPS. 

WILLOW 

Monument  established  July  1994.  Tablet  installed  August  28,  1994. 
Located  on  small  rock  outcrop  north  of  Hidden  Creek  Lake. 

VALLEY 

Tablet  installed  August  28,  1994.  Monument  is  located  on  valley 
floor  along  north  bank  of  Hidden  Creek 

HIDDEN 

Tablet  installed  August  28,  1994.  Monument  is  located  on  fiat  rock  in 
valley  bottom.  May  be  difficult  to  find  because  of  iceberg  deposition. 

ROCK 

Wooden  stake  located  on  rock  glacier  on  south  side  of  Hidden  Creek 
Lake.  Established  August  29,  1994.  Tablet  was  not  installed  because 
of  snowfall  on  August  29  and  30. 

BOULDER 

Tablet  installed  on  August  30  on  top  of  large  boulder  near  "A"  frame 
west  of  airstrip. 
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Survey  data  for  monuments  at  Hidden  creek  Valley  were  established  using  GPS  techniques  and  a 
single  known  starting  point,  U.S.  Geological  Survey  monument  "K"  in  McCarthy.  Elevation 
errors  of  the  Hidden  Creek  Valley  monuments  are  probably  plus  or  minus  3  feet  (1  meter),  relative 
to  monument  "K."  Elevation  errors  of  Hidden  Creek  Valley  monuments  relative  to  each  other,  are 
plus  or  minus  1  foot  (0.3  meter). 


Monument 
Name 

Latitude 
(North) 

Longitude 

(West) 

Northing 
(feet) 

Easting 
(feet) 

Zone 

Elevation 
(feet) 

K 

61  25  57.583 

142  55  10.549 

22351104 

1304520 

07 

1414 

AIR-1 

6126  35.148 

142  53  41.286 

22354790 

1308970 

07 

1512 

KENW 

6126  03.044 

142  56  35.065 

22351780 

1300429 

07 

1359 

KENE 

6126  05.407 

142  55  55.326 

22351963 

1302368 

07 

1370 

HID-1 

61  33  26.708 

143  08  53.538 

22397932 

1266020 

07 

3125 

HID-2 

61  33  27.294 

143  08  43.862 

22397976 

1266491 

07 

3117 

HID-3 

61  33  29.326 

143  08  50.520 

22398193 

1266175 

07 

3123 

VALLEY 

6133  31.130 

143  07  03.125 

22398205 

1271380 

07 

3024 

HIDDEN 

3133  38.190 

143  06  51.922 

22398905 

1271945 

07 

3009 

WILLOW 

61  33  39.149 

143  07  10.447 

22399031 

1271052 

07 

3117 

ROCK 

61  33  28.577 

143  06  33.691 

22397901 

1272795 

07 

3155 

BOULDER 

61  33  29.739 

143  09  08.023 

22398262 

1265329 

07 

3175 

To  obtain  meters,  multiply  feet  by  3.281. 

Marks  were  painted  on  bedrock  near  the  WILLOW  monument  for  tape-down  references  to  obtain 
lake-surface  elevation.  They  are: 

•Blue  cross  immediately  southwest  of  WILLOW  monument.  Elevation:  3031  feet. 

•Blue  painted  rock  below  blue  cross.  Elevation:  3004  feet. 

To  adjust  Alaska  Department  of  Transportation  and  Public  Facilities  survey  datum  of  1994  to 
USGS  datum  of  1908,  add  3.92  feet. 

To  adjust  University  of  Alaska  Fairbanks  (Aeromap,  Inc.)  survey  datum  of  1994  to  USGS  datum 
of  1908,  add  approximately  15.5  feet. 
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3.  Hidden  Creek  Lake  survey  data,  1994  and  1995. 
(see  figures  A3-1  and  A3-2  for  survey  point  location) 
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APPENDIX  5 

Combined  East  and  West  Fork  Kennicott  River  discharge  volume  from  Hidden  Creek  Lake 

outburst  floods. 


A5 


A5_2  APPENDIX  5 


Combined  East  and  West  Fork  Kennicott  River  discharge  volume  from  Hidden 
Creek  Lake  outburst  floods. 


Year 


Volume1 
(cubic  feet) 


19862  2.40  xlO9 

1994  2.37  x  109 

1995  1.52  xlO9 


1  Volumes  were  calculated  using  flood 
hydrographs  and  subtracting  out 
baseflow  (Dunne  and  Leopold,  1978). 


2  From  Friend  (1988). 
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